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In the 6th report of this series, it was pointed out that two isomers, 
which vary in the degree of absorbing thiocyanogen, existed in doco- 
satrienic acid produced on hydrogenating methyl clupanodonate. The one 
giving tetrarhodanate was subjected to ozonolysis, and among the result- 
ing decomposition products, the following were identified, as was stated 
in the 7th report): propylaldehyde, propionic acid, succinic acid, succinic 
acid monomethy] ester, capric acid, adipic acid, nonanedicarboxylic acid, 
pimelic acid though not assuredly, heptoic or caprylic acid or both, carbon 
dioxide though in extremely small amount. 

-Monobasic acids such as propionic acid, capric acid, and heptoic or 
caprylic acid are to be formed from the terminal group opposite to the 
carboxyl group of the original acid, so that the formation of such mono- 
basic acids shows that the original acid is not composed of a single com- 
pound, but of three or more isomeric acids of different chemical constitu- 
tions. The présent paper deals with the constitutions of these isomers 
based on the decomposition products of ozonolysis which were described 
in the previous paper. Before this experiment, Inoue and Sahashi“) had 
made an examination of the partially hydrogenated products of methyl 
clupanodonate; the products were separated into several fractions as 
bromides, and by subsequent oxidation with potassium permanganate in 
acetone, a fraction yielding a hexabromide was designated to be of the 
combination of the following acids: undecanoic acid (C,,), succinic acid 
(C,), malonic acid (C3), and succinic acid (C,). It shows the existence 
of 44:5.7:8 11:12-docosatrienic acid in the hydrogenation product of 
methyl clupanodonate, but no other isomers were mentioned in their 
description. Thus, they gave to clupanodonic acid a formula having one 
triple and three double linkings. After that, Toyama and Tsuchiya”), 
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applying ozonolysis to the amyl ester, proposed a formula having five 
double linkings, and recently, oxidizing the methyl ester with per- 
manganate in acetone and the potassium soap in aqueous solution, they 
confirmed their conclusion drawn before. 

As was stated in the preceding paper, nearly all of the hexabromide 
of docosatrienic acid produced on bromination of partially hydrogenated 
clupanodonic acid, associating with tetrabromide, forms a petroleum-ether- 
insoluble oily substance, and, in general, these bromides can be difficultly 
separated from one another. Moreover, the docosatrienic acid yielding 
hexabromide was already found to consist of various isomers, and the 
oxidation products which were identified by the author markedly differ 
from those obtained by Inoue and Sahashi; they obtained undecanoic acid 
and malonic acid among the oxidation products, while in the present ex- 
periment, these acids were not formed to a perceptible extent. 

Granting that malonic acid occur intermediately, it will, at the very 
moment of its occurrence, be converted into carbon dioxide and acetalde- 
hyde or acetic acid by a further degradation. However, neither of them 
was detected in an appreciable amount. The fundamental differences 
between the author’s results and Inoue and Sahashi’s gave in conclusion 
different suggestions for the constituent and the constitution of doco- 
satrienic acid giving hexabromide. 

Now concerning the constitutions of isomers which may exist in 
docosatrienic acid, the author will discuss below. 


(1) Ozonide Decomposition Products and Original Constructive 
Groups. For ozonolysis, 17 grams of methyl ester of docosatrienic acid 
CooH3s02 giving tetrarhodanate was used, and its decomposition products 
obtained in usual manner gave some volatile matters (A) which were 
carried into water and baryta solution. The remaining not volatilized 
substances were then separated by filtration into two parts: the water- 
soluble portion (B) and the water-insoluble oily portion (C). From each 
portion, subsequently treated with petroleum ether, soluble and insoluble 
substances were obtained. The following oxidation products were identi- 
fied. 


Carbon dioxide. Carbon dioxide is believed to be formed by a 
secondary decomposition of the intermediate product derived from the 
group =CH-CH:-CH=. However, its amount was extremely small 
scarcely amounting to 0.1% of the original sample, so that the isomer hav- 
ing this group may be an exceedingly minor constituent. 
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Propylaldehyde and propionic acid. Propylaldehyde, contaminated 
with propionic acid, was detected in aqueous solution of volatile matters 
(A). To determine its content, the solution was analysed by using 
NaHSO; and iodine solution. A greater part of prepionic acid was 
obtained as barium-salt from the petroleum-ether-soluble substance of 
the not volatilized water-soluble portion (B). Both of these products 
seem to be derived from the same group CH;-CHs-CH=. Assuming that 
one such group exists in the original ester, the theoretical yield as pro- 
pionic acid is 21.4%, while the experiment yielded only 3%, all being 
calculated as the acid. Hence, the presence of isomer I containing this 
group may be less than 10% of the total. 


Succinic acid and its monomethyl ester. Succinic acid was obtained 
from the petroleum-ether-insoluble part of the not volatilized portion (B). 
Formation of this acid evidently shows the existence of the group =CH- 
(CHz)2-CH=, and if one such group exists in the original ester, the 
isomer having this group should be 33.5% of the original ester. In view 
of the fact that the experimental content of succinic acid is by far greater 
than is calculated theoretically on the assumption, that there exists only 
one such group in each isomer, there seems to exist some isomer which 
has two such groups. On saponifying the not volatilized water-insoluble 


portion (C), petroleum-ether-insoluble succinic acid was liberated, whereby 
succinic acid monomethyl ester was suggested to exist in the portion 
mainly. Taking a little operative loss into consideration, the amount of 
this ester altogether seems to be 30-35% of the original sample. This 
is derived from the group =CH-(CHz2).-COOCH3;, and if one such group 
in average exists in the original sample, it should be 37.9%. Therefore, 
the existence of one group may be supposed in every isomer. 


Monobasic acids of higher molecular weights excepting propionic acid. 
In the petroleum-ether-soluble part of the not volatilized water-soluble 
oily portion (C), there was suggested the existence of either heptoic 
acid or caprylic acid, otherwise, both of these acids. On distilling the 
collected substances, two fractions were obtained; the one having lower 
boiling point gave neutralisation value 395.5 and the other having higher 
boiling point 340.7, respectively. Accordingly, these monobasic acids proved 
to be contained in the former fraction, and a small portion of the acids mix- 
ed with propionic acid will possibly remain in the petroleum-ether-soluble 
part of the water-soluble portion (B). Heptoic and caprylic acids are 
derived from CH3-(CHz);-CH= and CH3-(CHz).-CH=, respectively. If 
either of these groups is to be contained in a proportion of one group to 
the original ester, it will be found in a range of 37-40%. Eventually, 
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isomer II giving either heptoic or caprylic acid seemed to be the most 
plentiful, amounting to a half of the original sample. The component of 
the latter fraction having higher boiling point mainly consisted of capric 
acid. Its amount was by far smaller than that of the acids which were 
contained in the former fraction. The presence of capric acid indicates 
the existence of isomer III having the group CH;-(CH:);-CH=. The 
quantity of this isomer (III) seemed to be somewhat greater than that 
of isomer I. 


Dibasic acids of higher molecular weights. Adipic acid together with 
nonanedicarboxylic acid was found in the petroleum-ether-insoluble sub- 
stances of not volatilized water-soluble portion (C). This acid is evidently 
derived from the group =CH-(CH.).-CH=, and from one such group 
contained in the original ester, 40% is to be obtained. The existence of 
pimelic acid was recognized, though not assuredly, in the same portion 
as adipic acid. Therefore, it shows the presence of the group =—CH- 
(CH.);-CH=. Nonanedicarboxylic acid, being inferred to exist in a 
smaller extent than adipic acid, was found also in the same fraction as 
before. This acid is produced obviously from the group =CH-(CHe2)>- 
CH=, and taking into consideration the theoretical yield from one such 


group existed in the original sample, an isomer having this group seems 
to exist in a range of 5-10%. ‘ 


(II) Kinds of Isomers and Their Chemical Constitutions. Clupano- 
donic acid is already known to be a normal chain compound by the fact 
that it is converted into behenic acid having a series connection of 22 
carbon atoms on complete hydrogenation. Hence every isomer of doco- 
satrienic acid which is produced from clupanodonic acid by partial hydro- 
genation will be also normal chain compound. The terminal group op- 
posite to the carboxyl group always gives monobasic acid for every isomer. 
Of the isomers, which are suggested by the production of the monobasic 
acids, the existence of the following isomers will be most probable: 
isomer I giving propionic acid; isomer II which gives either heptoic or 
caprylic acid or both; isomer III giving capric acid. 


The group on the side of the carboxyl group is identical giving the 
same succinic acid for every isomer. These isomers are also proved to 
have three double linkings in different positions. It may be considered, 
therefore, that each of the three isomers described above contains, besides 
two terminal groups already mentioned, two more groups which give 
respective dibasic acids in the middle position of the carbon chain. One 
of the two dibasic acids which come from the middle of the respective 
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chain is succinic acid, the other being adipic acid, nonanedicarboxylic 
acid, and probably succinic acid, respectively. Consequently, the follow- 
ing distribution is proposed regarding the variety of combinations of the 
derived acids, counting their yields and arranging the numbers of their 
carbon atoms so as to make 22 in total: 





Isomer Monobasic | Dibasic Dibasic Dibasic 





I (Cos) propionic (C3) nonanedicarboxylic (C,,) | succinic (C,) succinic (C4) 


II (C ) f heptoic (C;) pimelic (C;) succinic (C4) succinic (C4) 
™ Ul eaprylie (C3) | adipie (Cy) succinic (C,) | succinic (C,) 


| 


| 
} 
| IIT (Cos) capric (Cy) | succinic (C,) succinic (C,) succinic (C,) 


For isomer II, two combinations are made, viz. CsC,C,C, and 
C;C;C,C,. Furthermore in respect to isomers I and II, the following 
combinations may be possible: 

I: €3C4,C;,C4; Il: CsCyC,Cy and C;C,C7C,. 

The double linkings suggested from these forms show multifarious 
positions, so that they are inconvenient to judge of the constitution of the 
clupanodonic acid. The distribution given first is more convenient to 
explain the positions of double linkings in clupanodonic acid; the distribu- 
tion shows that the two double linkings near the carboxyl group in each 
isomer are identically situated at the positions 4:5 and 8:9, accordingly 
it will be concluded that these isomers are derived from the clupanodonic 
acid having double linkings at the position 4:5 and 8:9. Eventually, 
among the isomers of docosatrienic acid produced by hydrogenation of 
methyl clupanodonate, four following isomers should be suggested: 


 & CH;-CH,-CH=CH -(CH.),- CH=CH -(CH:).- CH=CH -(CH3),-COOH 
II: (a) CH;-(CH;).-CH=CH-(CH,),-CH=CH -(CH.).-CH=CH-(CH:).-COOH 
(b) CH;-(CH.);-CH=CH -(CH.);-CH=CH -(CH.).-CH=CH-(CH:),-COOH 
III: CH;-(CH,),-CH=CH-(CH,).- CH=CH -(CH,).-CH=CH-(CH,),-COOH 


Of these acids, isomer II seemed to be of the largest quantity and 
isomer I the smallest, the yields of their decomposition products being 
taken into account. Supposing that these isomers are the main com- 
ponents of docosatrienic acid, the existence of two double linkings at the 
positions 4:5 and 8:9 throughout every isomer will show that these link- 
ings, originally contained in clupanodonic acid, must have remained un- 
attacked, though they are easily attacked by thiocyanogen. Moreover, 
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from the above formule, assuming that no displacement of unsaturated 
linkings occurred during hydrogenation, it may be suggested that there 
is possibility of the existence of such double linkings as 12:13, 14:15, 
15:16 and 19:20 in the clupanodonic acid. Judging from the result of 
the investigation of the oxidation products, a form, which keeps both of 
the double linkings 14:15 and 15:16, is impossible to exist in clupano- 
donic acid. Therefore, the suggestion is that, an existence of either com- 
bination 12:13, 14:15, 19:20 or 12:13, 15:16, 19:20 is possible, and that, 
one of the double linkings 14:15 and 15:16 is formed by the displacement 
of the other. Two following formule are made for clupanodonic acid from 
the above combinations. 


(a) 41°5, 8:9, 12:13, 14215, 1920_doeggapentenic acid ; 
(b) 44°. 8:9, 12:13, 15:16, 19:20_doegsanentenic acid. 


Concerning its constitution, the formule described below were hither- 
to proposed : 


d*5. 7:8, 11:12, 15: 16, 19:20_docosapentenic acid or Md 8:9, 11:12, 15: 16, 19:20_doeosa- 
pentenic acid by Tsujimoto; 


CH;-(CH,).-C=C-(CH.);-CH=CH-(CH:).-CH=CH -CH,-CH=CH-(CH;).-COOH 
by Inoue and Sahashi, also maintained by Inoue and Kato”; 
CH;-CH;,-CH=CH-(CH:;),-CH=CH-CH,-CH=CH-(CH.).-CH=CH-(CH.),-CH=CH-(CH,).-COOH 
by Toyama and Tsuchiya, who established this formula by further investiga- 
tions, 

Of the formule described by the present author, (b) is quite identical 
with that proposed by Toyama and Tsuchiya. In compliance with this 
formula, it will be understood that the double linking 14:15 was formed 
by a displacement of 15:16 in the course of hydrogenation. It was 
already pointed out in the previous report that the hydrogenation always 
tends to take place selectively in the unsaturated linking which hardly 
absorbs thiocyanogen. Toyama and Tsuchiya‘) had subjected the clupano- 
donic acid to selective absorption of thiocyanogen in various graduations 
for the purpose of investigation of its constitution, whereby its tetra- 
rhodanate indicated an absorption of thiocyanogen in unsaturated link- 
ings near the carboxyl group; i.e. 4:5 and 8:9. It is evident through 
this experiment that the unsaturated linkings 4:5 and 8:9 which absorb 

(6) Tsujimoto, this Bulletin, 3 (1928), 299. 
(7) Inoue and Kato, Proc. Imp. Acad. (Tokyo), 10 (1934), 463. 
(8) Toyama and Tsuchiya, Repts. Tokyo Imp. Ind. Research Inst. Lab., 30 (1935), No. 6. 
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thiocyanogen show more difficulties than the other in hydrogenation, 
while, on the contrary, the unsaturated linkings 12:13, 15:16 and 19:20 
which are unattacked by thiocyanogen are comparatively easily hydro- 
genated. 

The docosatrienic acid together with docosadienic acid is an im- 
portant component which occurs in the course of hydrogenation of 
clupanodonic acid; this amounts to half quantities of the total products, 
when all the original clupanodonic acid just disappeared by hydrogena- 
tion, and it is noticeable that this acid has somewhat great drying pro- 
perty, though in a little less degree than linolenic acid which belongs to 
the same series and is found in vegetable drying oils. 


The Hakodate College of Fisheries, Japan. 


Spektroskopische Studien itiber Reaktionsflammen. I. 
Die Reaktionsflamme von Acetylen und Halogen. 


Von Hitoshi TOMINAGA und Go OKAMOTO, 


(Eingegangen am 6. August 1937.) 


Uber die Reaktion von Acetylen gibt es viele und mannigfache 
Studien, die bis zur Zeit von Berthelot heraufreichen.“) Besonders 
waren katalytische Herstellungen des Dichlorathylens sowie des Tetra- 
chlorathans wegen ihrer technischen Bedeutung von verschiedenen Seiten 
beriicksichtigt worden. Studien iiber die Explosion bei Mischung von 
Acetylen und Halogen sind aber noch verhaltnismissig selten. Trautz 
beobachtete die Chemilumineszenz bei der Reaktion von Acetylen mit 
Chlor, doch ohne spektroskopische Messungen vorzunehmen. Hier wird 
liber eine spektrale Beobachtung der Reaktionsflamme berichtet und 
ferner ihr Reaktionsmechanismus eréortert. 


Experimentelles. Die Flamme der Reaktion von Acetylen mit Chlor 
bzw. Brom unter atmospharem Druck wurde mittels der einfachen 
Apparatur hergestellt, die in Abb. 1 schematisch skizziert ist. Alle bei 
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(2) Trautz, Z. physik. Chem., 53 (1905), 1. 
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Abb. 1. 


den Versuchen gebrauchten Reaktionsgase sind zuerst auf die gewohn- 
liche Weise gereinigt und dann durch einmaliges Frieren mittels fliissiger 
Luft méglichst von dem Einfluss der Luftbeimengung befreit. Wenn 
Brom in Gebrauch ist, wird die Reaktionsflasche bis zur Nahe des Siede- 
punkts (60°C.) erwarmt und Acetylen gleich oberhalb der Fliissigkeits- 
oberflaiche zugefiihrt. 

Im Dunkelraum sowie in diffusem Licht, wenn Acetylen im Uber- 
schuss vorhanden ist, tritt die Reaktion schon deutlich auf, und zwar 
ohne dass die Erscheinung der Reaktionsflamme auftritt. Wenn man 
aber die Konzentration des Halogens nach und nach zunehmen lasst, wird 
nach einer Induktionsperiode, zuerst eine Verpuffung und dann eine 
stetige Flamme beobachtet, sofort begleitet von einer bedeutenden Russ- 
abscheidung an der Wand. 

Wenn Wasserdampf im Reaktionsraum vorhanden ist, wird die Ex- 
plosion nie stattfinden, solange es dunkel bleibt. Wern man aber einmal 
einen Augenblick lang beleuchtet, so erfolgt die Explosion sofort. 

Die Lichtstarke der Flamme hangt von dem Verhialtnis von Acetylen: 
Halogen ab, und zwar je grésser die Halogenkonzentration ist, desto heller 
die Flamme. 

Die Temperatur der Flamme bei starker Halogenzufiihrung ist, mit 
Hilfe der Pt-PtRh-Thermosdule gemessen, 350-—400°C.; sie scheint sich 
bei weiterem Fortbrennen wahrscheinlich noch héher zu steigern. Wenn 
die Reaktionsgase mit Kohlensdure so verdiinnt sind, dass die Flamme 
kaum bemerkbar wird, bleibt die Temperatur héchstens ca. 100°C. 

Die spektrographische Aufnahme ist wegen der Russabscheidung an 
der Wand ziemlich schwer, und jede Aufnahme brauchte mit unserem 
»Lichtstark* Spektrograph von Fiiss eine 30 Minuten lange Belichtung. 
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Abb. 2. C,H. + Cl 


Wie das Spektrogramm Abb. 2 zeigt, liegt das Intensitaétsmaximum 
des Spektrums im roten Gebiet; es schwiacht sich monoton nach dem Ge- 
biet der kiirzeren Wellen hin. Im Ganzen ist das Spektrum kontinuierlich; 
man kann kein diskretes Band darin finden. 


Erorterung des Reaktionsmechanismus. Hier scheint es sich wieder 
um eine Kettenreaktion von folgendem Typus handeln. 


C,H, + Cl, ome C.H.Cl., 
C.H.Cl, Cl, C.H.Cl, 


a 
yu 
C;H.Cl, + 9 C, \ Cl Cl, + HCl* 
+- 


HCl* 2Cl + HCl 


t 
Kettenkopf 


l_+c.* + HCl + H 
Lip Coas + Cfest 


Wenn Wasserdampf im Reaktionsraum vorhanden ist, wird HCl*, 
die Quelle der Startreaktion, deaktiviert, so dass keine weitere Ketten- 
reaktion fortschreiten kann. Setzt man aber das Gefass sichtbarem 
Strahlen aus, so ist es schon méglich, das Chloratom, das den Kopf der 
Kette bildet, nicht durch hier erérterte chemische Reaktion, sondern 


H 
photochemisch zu erzeugen. CK , welches wir in der Kette an- 
Cl 


nahmen, ist eine schon von den Organikern synthetierte isolierbare Ver- 
bindung,) die sich aus Mangel an Wasserstoff leicht zersetzt in den Russ 


(3) Elliot, Proc. Roy. Soc. (London), A, 127 (1930), 688; Brown, Phys. Rev., 38 
(1931), 1179. 
(4) Beilstein, ‘‘Handbuch der organischen Chemie,” 4. Aufl., Bd. I., S. 244. 


aM Ke sa 


- Sapte dete ees ae 





404 H. Tominaga und G. Okamoto. [Vol. 12, No. 9, 


und Chlorwasserstoff. Der bei diesem Zerfall entstandene Kohlenstoff 
sollte, durch Kondensation, thermisch das Kontinuum unseres Spektro- 
grammes ausstrahlen. 


In Bezug auf die Konstitution des Chloracetylens, méchten wir 
H 

nach Cohen“) Acetylidenform “0-C¢ annehmen, in dem die beide 
Cl 

C-Atome im *°S-Zustand angeregt sind. Bei der Abspaltung des Chlor- 

wasserstoffes, trennen sich diese beiden C-Atome, da wir kein C.-Band 
in unserem Spektrogramm finden kénnen. 


Zum Schluss méchten wir dem Gakuzyutu-Sinkokwai fiir seine finan- 
zielle Hilfe herzlichsten Dank aussprechen. 


Chemisches Institut, Hokkaido Universitat, 
Sapporo, Japan. 





Spektroskopische Studien tiber Reaktionsflammen. II. 


Die Reaktionsflamme von Quecksilber und Halogen. 


Von Hitoshi TOMINAGA und Go OKAMOTO. 


(Eingegangen am 6. August 1937.) 


Einer der Autoren (0.)“) teilte vor kurzem iiber das Flammen- 
spektrum mit, das bei Einwirkung von Chlor auf Quecksilber emittieren 
wird. Er hat ein neues Band gefunden, das Haber,’*) Kallmann® und 
Kondratjew™) bei ihren Versuchen iiber Verbrennung von Quecksilber in 
Halogen nicht bemerkt hatten. Wir haben nochmals die Versuche von 
Haber und Kallmann wiederholt und neue Aufnahme von der Queck- 
silber-Brom-Flamme gemacht, dadurch es uns erklarbar wurde, welcher 
Art der Reaktionsmechanismus war, und wodurch die Bandenemission 
verursacht wird. 


(5) Dunkel, Z. physk. Chem., B, 10 (1980), 434; Freudenberg, ‘‘ Stereochemie,’’ S. 659, 
Leipzig (1933). 
(6) Cohen, ‘‘ Organic Chemistry,’”’ Bd. I, S. 75. 


(1) Okamoto, J. Chem. Soc. Japan, 54 (1933), 702. 
(2) Haber und Zisch, Z. Physik, 9 (1922), 302. 

(3) Frank und Kallmann, ibid., 34 (1925), 924. 

(4) Kondratjew, ibid., 45 (1927), 67. 
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Experimentelles. Um eine fiir die Versuche bequeme, stabile und 
lichtstarke Flamme hervorzubringen, war es nétig, immer einen Uber- 
schuss von Halogen zu gebrauchen. Bei Anwendung der Apparatur A 
in Abb. 1 hat das neue Band eine besonders deutliche Struktur. Spektro- 
graph: Hilgersches ,,Constant deviation type“; Fiisssches ,,Lichtstark“. 
Platte: ,,Wratten hypersensitive panchromatic’. Beleuchtungsdauer: 2 
bis 5 Stunden mit ,,Constant deviation type‘; 30 Minuten mit ,,Licht- 
stark“. Spektrogramm: Abb. 2. 


Hg 
Wasser Kiihlung 


[A] 


Abb. 1. Hg 
[A] sowie [B] von aussen bis ca. 300°C. elektrisch geheizt. 
A. Flamme mit Cl,+ Hg. Band(1), das seine Intensitatsmaximum 


_ bei 5600A hat und nach dem Gebiet der kiirzeren Wellen zu diffus ist. 
Band (2), ein Band zwischen 6700 und 5700A. 


B. Flamme mit Br,+ Hg. Band(3), ein Band zwischen 6700 und 
4300A. 


Tabelle 1. Messungsresultate der Bandenkante. 


A. Flamme mit Cl, + Hg. B. Flamme mit Br. + Hg. 





65194 6151 6602A 6297 6065 
6436 6086 6569 6238 6029 

6476 6181 5994 
6358 6015 6413 6136 5953 
6214 5897 6365 6108 5914 
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Band (2) Band (1) 


t 
Band (8) 
Abb. 2. 


Erodrterung der Resultate. Von der Analyse der oben angegebenen 
Spektrogramme ist es leicht zu vermuten, dass die Bande von zwei- 
atomigen Halogenmolekiile verursacht werden. Unsere Bande zeigen hin- 
reichend gute Ubereinstimmung mit denjenigen, die Kitagawa bei der 
H,-Cl.-Reaktion, und Brown) bei molekularem Br. fand. Im ganzen 
sind diese Bande von der Ubergang von O5—-'S$ . 


Tabelle 2. Vergleich von der Bande der Reaktionsflamme 
mit der Absorption des molekularen Halogens. 


Cl, 





15352 (15339) 
16638 15550 (15537) 
16816 16300 (16257) 15757 (15728) 
17008 (16957) 16484 (16431) 15957 (15903) 
17180 16638 (16627) 16113 (16092) 
17350 16816 (16802) 16300 


ecooaonoannh WC DY 





vy = 17657.7 + (255.7 v’/—5.42 v/*) — (560.9 v’/— 4.0 v’/*) 





(5) Kitagawa, Rev. Phys. Chem. (Japan), 8 (1934), 1; 11 (1987), 25. 
(6) Brown, Phys. Rev., 39 (1932), 777. 
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Bre 





17358 (17384) 
17467 (17434) 


| 


16789 (16798) 
16912 (16909) 
17083 (17006) 
17150 (17138) 


16343 (16371) 
16472 (16488) 
16594 (16586) 
16718 (16683) 
16831 


15898 (15880) 
16029 (16031) 
16156 (16178) 
16278 (16297) 


5 


15169 (15146) 
15311 (15223) 
15450 (15441) 
15585 (15593) 
15714 (15711) 





17259 (17247) 





| 17579 | 


vy = 15881.2 + (168.81 v’—1.59 v’*—0.0087 v/*)—(322.71 v//—1.15 v’/*) 


Eingeklammerte Zahlen sind die von unseren Beobachtungen ausgerechneten Werte. 


Nun méchten wir den Mechanismus der Entstehung des aktiven 
Chlor- bzw. Brom-Molekiils darlegen. Die Bildungswirme des HgCl. 
und des HgBr. aus den normalen Molekiilen der Bestandteilen ist wie 
folgt: 


Hg + Cle — HgCl. + 53 Keal. (2.3 e.v.) 

Hg + Bre— HgBre+ 48 Keal. (2.1 e.v.) 
Die Aktivierungsenergien, die Cl} bzw. Brf erzeugen, miissen nach 
dem Anfangs-v”-Zustand der Molekiile verschieden sein, wie man aus der 


folgenden, mittels unserer spektroskopischen Daten ausgerechneten 
Tabellen ersieht. 


Tabelle 3. Abhangigkeit der Aktivierungsenergie 
von der Anfangszustanden 





Cl. 


——? Cl,* 
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Aus den oben angegebenen Zahlen, kénnte man folgern, dass die aus 
der Reaktion von Quecksilber mit Halogen entstandenen Quecksilber- 
halogenide, die ihre Bildungsenergie als eigne innere Energie in sich be- 
halten, durch den Stoss zweiter Art andere Halogenmolekiile aktivieren, 
wenn nur bei Cl. v” >2 und bei Brom v7”>1 ist. Diese innere Energie ist 
von solcher Grésse anzunehmen, dass sie als Schwingungsenergie im 
Molekiile vorhanden ist; fiir Elektronenenergie reicht sie nicht aus. 


6.6 e.v. 
HgCl ——~ HgCly (elektronisch angeregt)™ 


5.5 e.v. 
HgBr. —— HgBr* (elektronisch angeregt) 


In Bezug auf die Ursache des diffusen Bandes(1) méchten wir an- 
nehmen, dass das HgCl-Molekiil, das aus einer der folgenden beiden Reak- 
tionen entstanden ist, durch den Stoss mit HgCl} , aktives HgCl* bildet, 
das der Bandenaussender sein kann. 


HgClkh + Hg — 2HgCl 
oder Hg + Ch — HgCl + Cl 


Bei dem Brom ist die Entstehung eines Band(1)-ahnlichen Bandes aus- 
geschlossen, weil die elektronische Anregungsenergie des HgBr 2.5 e.v., 
also grésser als die Energie des HgBrj (2.1 e.v.) ist. 

Der Grund, aus dem kein Cl} in v”>2-Zustand bei der Reaktion 
Hg + Cl, zu finden ist, kénnte darin liegen, dass es dem diffusen Band (1) 
superponiert und von ihm verdeckt ist. 

Weitere Einzelheiten des Reaktionsmechanismus méchten wir spater 
durch Anwendung reaktionskinetischer Methoden untersuchen. 


Dem Gakuzyutu-Sinkokwai méchten wir an dieser Stelle auch fiir 
seine finanzielle Hilfe vielen Dank aussprechen. 


Chemisches Institut, Hokkaido Universitat, 
Sapporo, Japan. 








(7) Wieland, Z. Physik, 77 (1982), 157. 
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Studies on Fluorine at Low Temperatures. I. Preparation, 
Analysis and Handling of Fluorine. 


By Shin-ichi AOYAMA and Eizo KANDA. 


(Received August 12th, 1937.) 


General Introduction. Although fluorine is as abundant in nature 
as many other ordinary elements, no great progress has yet been made 
in the study of its physical or chemical properties. This is probably due 
to the fact that its chemical property is so violent that it can be handled 
with great difficulty and accordingly its use has not yet been well known. 

Studies on fluorine have so far been made chiefly by (i) Moissan 
and Dewar. Moissan discovered fluorine in the form of element in 1886. 
Since then he carried out various qualitative investigations, and in collabo- 
ration with Dewar, went so far as liquefying and solidifying it, thus ac- 
complishing preliminary studies on fluorine at low temperatures by the 
beginning of this century. 

His studies went far ahead of his age, but no further study has since 
been made on the properties of fluorine at low temperatures. This is the 
reason why the somewhat inaccurate results of his studies are still in 
use. For instance, the melting point of fluorine has been given as —223°C. 
or —233°C. in several papers”) since Moissan and Dewar‘) reported that 
_ “the melting point of fluorine was a little higher than that of oxygen— 
it was 40°K. or about —223°C.” (The melting point of oxygen is now 
regarded as —219°C.) 

(ii) Ruff and his followers. Ruff carried out investigations for 
obtaining chemical compounds of fluorine and other halogens or oxygen, 
nitrogen, carbon, etc. As a result of his painstaking investigations ex- 
tending over more than a quarter of a century, he took initiative in pro- 
ducing almost all new gaseous compounds of fluorine, the number of his 
papers published on such compounds coming to about 30. Ruff’s investiga- 
tions, however, were intended for producing new compounds, the chemical 
kinetics of the reactions concerned or various properties of the products 
of the reactions generally being left out of consideration. 





(1) “International Critical Table’’; Landolt and Bornstein, ‘‘ Physikalisch-chemische 
Tabellen ”’; Mellor, ‘‘Comprehensive Treatise on Inorganic and Theoretical Chemistry,” 
Vol. II; Henglein, Z. anorg. allgem. Chem., 118 (1921), 165. 

(2) Moissan and Dewar, Compt. rend., 136 (1903), 641. 

(3) Clusius, Z. physik. Chem., B, 3 (1929), 41. 
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(iii) Simmon, Cady, Schumacher, and others. They are making 
studies on oxides of fluorine and organic compounds of fluorine. A few 
others are making researches on the compounds of fluorine. 

In short, investigations of fluorine are lagging far behind those of 
other elements and compounds, and enumeration of all the books and 
papers on the studies of fluorine would not be very difficult. 

The boiling point and melting point of this element are as low as 
—188°C. and about —220°C. respectively. It resembles oxygen in this 
respect. The characteristics of permanent gases, such as oxygen, nitrogen, 
hydrogen, etc. in their liquid and solid states have been examined from 
every point, while those of fluorine alone have been left almost untouched. 
Further, fluorine shows chemical reaction even at a very low temperature, 
which is not the case with other elements, and for this reason, the study 
of this element at low temperatures was the more interesting and valuable. 
The experiments on fluorine at low temperatures were technically easier 
than at ordinary temperature, as it becomes somewhat less corrosive to 
the apparatus and material used. But it was found that the results of 
investigations so far made on the characteristics of fluorine itself were 
so unreliable that no experiment or theoretical studies could be carried out 
with confidence on the basis of these results. The authors first intended 
to make clear the various characteristics of fluorine at low temperatures. 
In the following papers are given the results of the studies on fluorine 
gas at low temperatures and on liquid and solid fluorine. 


On account of the chemical activity, the preparation, analysis, and 
experiment of this element are attended with many technical difficulties. 
But owing to the improvements in the apparatus and in the materials as 
well as to the valuable experiences of former investigators in this field, 
the present authors are now in a position to make experiments for not 
only qualitative but also quantitative determination of some properties of 
fluorine. Our first paper deals with the preparation of fluorine and a few 
experiences in handling fluorine. 


I. Preparation of Fluorine. Fluorine was prepared by electrolysis 
of molten potassium bi-fluoride (KF-HF). There are several papers refer- 
ring to such a method of preparing fluorine.) The authors use improved 


Dennis’s V-shaped electrolyser. 








(4) Argo, Mathers, and Humiston, J. Phys. Chem., 23 (1919), 348; Simon, J. Am. 
Chem. Soc., 46 (1924), 2175; Lebeau, Compt. rend., 181 (1925), 915; Ishikawa, Bull. 
nst. Phys. Chem. Research (Tokyo), 10 (1931), 176; Dennis, J. Am. Chem. Soc., 53 (1931), 
3236; Miller and Bigelow, ibid., 58 (1986), 1585. 
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(1) Electrolyser. As shown in Fig. 1, copper pipes 60 mm. in out- 
side diameter, 50 mm. in inside diameter, and 35 cm. in length are brazed 
into a V-shaped pipe, and a tube to hold the thermometer is also brazed 
at the joint. 

The caps are of flange type, and lead rings are used as the gasket 
for making the contact between the caps and the pipes gas-tight. In the 
centre of the flanges there are hollow spots for keeping cement with which 
the electrodes are fixed to the caps. The electrodes are of ordinary 
Acheson graphite, 12 mm. in diameter. But, as the rods are slender and 
too fragile, about one third of their total length is replaced by copper 
rods, into which the graphite is inserted. The joints are fastened with 
belts as represented by b in the figure. In this way the fixing of the 
electrodes with cement at a becomes easy. For preventing the electrodes 
from loosening at a and for fixing them firmly, the copper rods are fitted 
with iron nails. Further, molten potassium hydrogen fluoride was spread 
over the cement when the gas-tightness with cement alone became im- 
perfect in the course of use of the apparatus. A nichrome wire is wound 
around the vessel pipe for heating. The exit c for the gas produced is 
made as wide as possible. If it is narrow, the vaporized fluoride will con- 


dense here while the vessel is being used, and will choke the exit. The 
cell was charged with one kg. of Merck’s potassium bi-fluoride, which 
was melted at 230-240°C. 


5 10 
— Amperes 
: Nondehydrated salt. 
: Dehydrated salt. 
: Salt dehydrated and subjected 
to a few hours’ electrolysis. 
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(2) Electrolysis and drying of salt. The salt began to melt at about 
240°C. according to the thermometer in the middle of the arms of the 
cell. As the fresh salt contained much water, oxygen alone was produced 
on electrolysis. After this process was continued for a certain time, 
fluorine was produced. Until this time, the voltage and the current be- 
tween the two poles varied much (Fig. 2), discharge occurred between the 
anode and the molten salt, the graphite pole was broken, and the salt be- 
came very dirty. There was also a fear of explosive production of the 
gas. It was therefore necessary to dehydrate perfectly the salt before 
electrolysis. 

To dry the salt, the flange-shaped caps holding the electrodes were 
replaced by caps having an opening for the gas, by which the tube was 
connected with a gas-circulating device with a desiccator of phosphorus 
pentoxide. Air was circulated for 24 hours through the salt kept at 230- 
240°C. After this treatment, fluorine was produced smoothly as soon as 
the current ran. The electrolysis was effected at about 5 amp., 15 volts, 
240-250°C. in the early stage and at 270-280°C. when hydrogen fluoride 
in the salt became scanty after several hours. The salt was renewed in 
about 200 ampere-hours. 

The gas produced during a given time with a current kept constant 
at 5 amp. was led into an aqueous solution of potassium iodide, and the 
amount of fluorine was determined by iodometry. The efficiency of cur- 
rent was 75-90%, varying with aging of the salt. 


(3) Purity of fluorine. For the quantitative determination of 
fluorine, iodometry using an aqueous solution of potassium iodide was 
carried out, while for examination of the purity of the gas produced, the 
following method was adopted in view of the fact that mercury acts on 
fluorine quantitatively to form mercury fluoride. 

A Pyrex glass bulb was filled with the sample of fluorine with the 
addition of a small quantity of mercury, and was shaken. Then the bulb 
’ was connected with a mercury pressure gauge and the pressure of the 
remaining gas was examined. 

Naturally, the purity of fluorine varied also according to the time 
lapse in the electrolysis. The following figures were obtained from a 
salt dried for 24 hours: F., 97%, O. 2.5% after 5 hours’ electrolysis; 
F, 99.8% after 20 hours’ electrolysis. There were other impurities such 
as CF,, O;, Cl, HF, etc. 

(4) Purification and storing of fluorine. The above-mentioned im- 
purities in fluorine decrease with aging of the salt, only hydrogen fluoride 
remains in the same quantity. Hydrogen fluoride can be eliminated by 
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passing the gas over powdered sodium fluoride. Other impurities and a 
trace of hydrogen fluoride are solidified in a trap cooled by liquid oxygen 
(the boiling point of fluorine is about —188°C. and that of oxygen 
—183°C.). 

Fluorine perfectly dried and freed from hydrogen fluoride is not very 
corrosive to glass. If it is to be kept in a glass bulb, however, an extremely 
large volume is needed. Moreover, it will attack glass to scme extent at 
ordinary temperature. On this account, it is desirable to keep it in the 
liquid state in a trap cooled by liquid nitrogen. 


Il. Some Techniques of Experiments on Fluorine. (1) Materials for 
the apparatus. The progress of chemical and physical researches on 
fluorine has been greatly hindered by the highly corrosive nature of 
fluorine and the difficulties in manufacture of the apparatus. The follow- 
ing is the summary of the authors’ experiences gained from the studies 
in this field. 


(i) Fluorine is far less corrosive when it does not contain any trace 
of hydrogen fluoride nor any moisture than when it does. 
(ii) Hard glass is of course preferable to ordinary glass, while 


Pyrex glass is better than hard glass. 

(iii) Quartz is a little more anti-corrosive than glass. But the 
life of a quartz film pressure gauge and the like which are used for 
other corrosive gases (such as chlorine) becomes very short when used 
for fluorine at ordinary temperature. 

(iv) Apparatus made of anti-corrosive metals are more durable 
than those made of glass. According to the results of tests on the ex- 
posure of various metal pieces to fluorine, platinum, gold, magnesium, 
nickel, monel-metal, and copper are anti-corrosive. Of these metals, 
magnesium and the others that follow form a very tight anti-corrosive 
film. Especially, the fluoride film on magnesium is generally expected 
to serve for an anti-corrosive agent when this metal is used for industrial 
purposes, because the film is very tight and insoluble in water. In 
workability, copper and monel-metal are the best for the apparatus. 
Platinum filament (about 0.1mm. in diameter), when used in fluorine 
for heating it, formed platinum fluoride at about 400°C., emitting yellow 
smoke. Ordinary solder may be used at ordinary temperature, Lead 
plates were used as the gasket of the electrolyser. This gasket, which 
was heated to about 150°C., could be kept gas-tight, but it had to be re- 
newed at times. 
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(v) Gas-tight materials. Of course D’kotinsky cement and pitches 
cannot be used in the experiment on fluorine. For keeping the apparatus 
proof against fluorine gas, the following substances may be used for the 
packing or coating for the joint in the apparatus: (a) molten potassium 
fluoride; (b) molten potassium hydrogen fluoride; (c) plaster, lead oxide, 
and the like as kneaded with glycerine; (d) further, as both gas-tight and 
insulating material may be used bakelite which has been properly heat- 
treated. 


(vi) Lubricating materials. Grease naturally burns when it is used 
as lubricating material on the ground glass surface of a glass cock. Even 
very hard grease, though it did not burn when the cock was turned off 
and fluorine remained still in a glass vessel, burst into blue flame every 
time when the cock was turned and fluorine was streaming. Accordingly 
a paste of glycerine or of phosphoric acid was used. Even such a material, 
however, can not be used for a long time. In the experiment in which 

gas-tightness was required, an anti-corrosive metal 
valve as shown in Fig. 3 was used. 


(2) Vacuum cocks. Since Bodenstein devised 
a metal valve, a number of similar kinds have been 
worked out. The present authors used a valve as 
shown in Fig. 3. In this valve, the ground metal 
surface can be renewed and a corrugated copper 
tube is used. Its construction and function will be 
understood by the section diagram in Fig. 3. 


(3) Mercury. As stationary mercury makes 

a tight fluorine film, it may be used for hermetically 

sealing a joint between ground glass surfaces. If 

used in a mercury pressure gauge, it must not be 

in direct contact with fluorine. A quartz film pres- 

sure gauge or a platinum film pressure gauge may 

Fig. 3. be used for fluorine. (See the paper on the de- 
termination of vapour pressure.) 


In rough determination of the pressure, mercury with glycerine 
placed on it may be used. 


III. Reaction between Fluorine and Inflammable Solids at Ordinary 
Temperature. According to Moissan, fluorine burns various elements such 
as carbon, sulphur, phosphorus, silicon, tellurium and selenium when it 
comes in contact with them, and scrupurous care should be taken in 
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handling these elements. The reports of Moissan and others, however, 
are too brief to make the matter clear. The present authors know cases 
in which the reaction made no remarkable progress during their experi- 
ments with fluorine, though they felt at first uneasy about the danger of 
burning. The authors examined the conditions for the combustion of 
these inflammable solids so that they might thence be able to handle 
fluorine with confidence. The results of qualitative experiments on the 
reactions between fluorine and charcoal, phosphorus, sulphur, or selenium 
are given below: 


(1) Reaction between stationary gaseous fluorine and solids. A 
spring balance similar to one used in the study of adsorption of fluorine 
gas was adopted in this experiment. About 1 g. of each sample was placed 
on a scale attached to the lower end of the balance and fluorine was slowly 
introduced. Then the change in the sample and spring was observed. The 
results of the experiment at 0°, 15° and 30°C. were as follows: (i) Red 
phosphorus showed reaction at these temperatures, and its quantity de- 
creased. At 15°C., it emitted white smoke at the moment when the 
fluorine gas was introduced, while at 30°C. it burst into blue flame. 


(ii) Sulphur emitted white smoke at 15°C. and 30°C., but without flame. 
(iii) Selenium gave the same phenomenon as seen with sulphur. (iv) 
Charcoal emitted neither smoke nor flame at any of these temperatures, 
and was the most inactive. 


(2) Experiment in flowing gas. As stated above, some substances 
do not burn in stationary fluorine at ordinary temperature. But even these 
substances burnt at the moment when, or a little after, they were exposed 
to fluorine jetting out of a small bore 
of a tube. It seems that the combus- 
tion takes place in a certain range of 
velocity of the gas flow. Of course 
this depends upon the bore of the 
pipe and, therefore, cannot be said 
to be an established fact. The ex- 
periment was carried out by means 
of an apparatus illustrated in Fig. Fig. 4. 
4. 





Although charcoal did not burn in stationary fluorine gas at ordinary 
temperature, it did at 15°C. on coming in contact with a flow of fluorine 
running at a velocity of about 60 c.c./min. The combustion of the samples 
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as related to the velocity of the fluorine gas flow was as follows: 


Sample | Phosphorus | Selenium | Sulphur | Charcoal 





Velocity of flow |* . 
ea tuin. | 15 | 20 | 22 | 60 
The authors express their hearty thanks to the Japan Society for 
the Promotion of Scientific Research for the contribution of the expense 
of this experiment. 


Cryogenic Section, Research Institute for Iron, Steel 
and Other Metals, Tohoku Imperial University. 


Studies on Fluorine at Low Temperatures. II. 
Vapour Pressure of Fluorine. 


By Shin-ichi AOYAMA and Eizo KANDA. 
(Received August 12th, 1937.) 


In the study of liquid and solid fluorine, the vapour pressure of 
fluorine must first of all be determined. The present authors determined 
the boiling point and the vapour pressure of fluorine, and calculated heat 
of vaporization. 


I. Apparatus for the Experiment. The method was nearly the same 
as employed in the measurements of the vapour pressure of oxygen and 
nitrogen,“ both the quartz film pressure gauge and the platinum film 
pressure gauge being used in the present experiment. The platinum film 
pressure gauge is shown in Fig. 1. The hatched part is made of copper. 
Concentric waves are impressed, by means of a stamp separately devised, 
on the platinum film (containing 10% rhodium), 0.04mm. thick. The 
film is inserted between c and d and is made gas-tight by fastening it to 
the copper body with a number of screws. A needle is set in the centre 
of the film and the mirror m at the end of the needle turns on its stem s 
with the vertical movement of the film. The movement of the mirror is 


(1) Aoyama and Kanda, this Bulletin, 10 (1935), 482. 
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observed by means of a telescope and a scale at a distance of 1 metre. The 
lower surface of the platinum film p is exposed to, and under the pressure 
of, the fluorine, and the upper surface is under the air pressure. This 
air pressure acts on the mercury pressure gauge through the pipe 1. The 
gauge is used as a zero instrument, always having an accuracy of 0.05 mm. 
Hg. 

The device in which the quartz film pressure gauge is used as the 
zero instrument is illustrated in Fig. 2. The life of the quartz film will 
be rather short if it is under ordinary pressure of fluorine vapour. 

The cryostat is shown in Fig. 2, in which a liquid hydrogen vessel 
is used for adjusting the temperature when measurement is to be made 
at —195°C. and below. 

Fluorine was produced in an electrolyser more than 20 hours after 
the start of electrolysis. The fluorine was introduced at A after a number 
of fractional distillations, and was condensed in the bulb B. 





II. Results of Measurements. (1) Measurements were made at about 
14 points between —187°C. and —213°C. It has been found that the 
vapour pressure can be expressed by the following equation: 


108 Pawn, = — EE +9.1975—0.013150 T. 


The observed and the calculated values are given in Table 1. 


(2) For particulars, see (1). 
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Table 1. 


Peal. Pcal.— Pobs. 








10.445 0.35 
25.20 0.90 
34.02 1.50 
70.78 5.6 
89.56 2.4 
145.34 2.0 
203.70 5.4 
292.81 3.3 
375.66 5.8 
407.85 4.5 
622.30 +14.2 
704.85 + 7.9 
743.70 + 3.6 
848.20 + 3.0 





From the same equation the boiling point at p=760mm. was 
calculated as follows: 


T., = 85.19°K (—188°C.), 
while Clausen“ gives 85.21°K, Cady“) 84.93°K, and Moissan“) 86°K. 


From the above equation for the vapour pressure we have for the 
heat of vaporization: 


Q. = 1581 cal, according to Q. = RT? amp ‘ 


(2) Vapour pressure of solid fluorine is given in Table 2. 


Table 2. 








55.15 54.50 53.90 | 652.55 51.85 


2.70 


2.10 1.75 — | d 0.10 








(3) J. Am. Chem. Soc., 56 (1934), 614. 
(4) Ibid., 52 (1930), 3839. 
(5) Compt. rend., 125 (1897), 505. 
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It gives log Pam. = ~ ae +8.233. This equation gives Q = 1970 cal. 


for the heat of vaporization of solid fluorine. From this value and the heat 
of vaporization of the liquid, Qs=390cal. was obtained for the heat of 
fusion. 


The authors express their hearty thanks to the Japan Society for 
the Promotion of Scientific Research for a grant. 


Cryogenic Section, Research Institute for Iron, Steel 
and other Metals, Tohoku Imperial University. 





Synthese von einem Isomeren des Domesticin-athylathers. 


Von Hideo SHISHIDO. 


(Eingegangen am 21. August 1937.) 


In der letzten Mitteilung habe ich tiber die Synthese des Domesticin- 
athylathers, d.h. d-2,3-Methylendioxy-5-athoxy-6-methoxy-N-methyl-apor- 
phins (1), berichtet™, und es ist mir nun gelungen, eines seiner Isomeren, 
d.h. d-2,3-Methylendioxy-5-methoxy-6-aithoxy-N-methyl-aporphin (II), in 
analoger Weise zu synthetisieren, indem als ein Ausgangsmaterial anstatt 
Athylvanillins Isoathylvanillin angewendet wurde, womit Vergleich beider 
Substanzen erst erméglicht wird. 


Hz 


fy) 
HO 


I 


(1) This Bulletin, 12 (1937), 150. 
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Zunachst wurde /- (3-Athoxy-4-methoxy-pheny]) -athyl-3’,4’-methylen- 
dioxy-phenacetamid (III) (Schmp. 131°) aus 3-Athoxy-4-methoxy-;- 
phenylathylamin (Schmp. des Oxalats 226-227°) und Homopiperony]- 
sdure dargestellt. Dieses Amid wurde dann durch Phosphoroxychlorid in 
ein Dihydroisochinolinderivat iibergefiihrt, mit Jodmethyl an seinem N 
methyliert, und dann durch Reduktion in eine Tetrahydroverbindung (IV) 
(Schmp. 154-155.5°) umgewandelt. Diese letztere Substanz wurde 
schliesslich mit Salpetersaure an der 6’-Stellung nitriert, dann durch Re- 
duktion mittels Stannochlorids und Salzsiure in eine 6’-Amino-Verbindung 
(V) (Schmp. 105-107°) iibergefiihrt, und diese unter Ringschluss zu in- 
aktivem 2,3-Methylendioxy-5-methoxy-6-aithoxy-N-methyl-aporphin (VI) 
(Schmp. 136°) diazotiert. Dieses racemische Produkt wurde nun mittels 
der d- und /-Weinsdure in beide aktive Komponenten gespaltet. 


He 
C.H;O 


0 
Hc<—O 


VI 


Die so synthetisch erhaltene d-Base (II) schmolz bei 144°, zeigt 
[a]J5 = + 90° und nimmt mit konz. Schwefelsaéure eine rotviolette Farbe 
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an, die sich durch Salpeterséure-Dampf blaugriin verandert. Diese Farben- 
reaktion teilt es mit dem Domesticin-dathylither), aber bei der Misch- 
probe ergab eine Erniedrigung des Schmelzpunktes um 16°, wodurch man 
die Konstitution des Domesticins (1), welche in den friiheren Mitteilungen 
festgestellt wurde), stark unterstiitzt wird. 


Beschreibung der Versuche. 


3-Athoxy-4-methoxy- $-phenylathylamin. 100g. 3-Athoxy-4-methoxybenzaldehyd 
(Isoathylvanillin) werden nach Perkin“) mit Malonsaéure in Pyridin unter Zugabe 
von Piperidin umgesetzt. Die so erhaltene 3-Athoxy-4-methoxyzimtsdure wird aus 
Methanol zu Prismen vom Schmp. 176-177.5° umkrystallisiert. (Gef.: C, 64.60; H, 
6.66. Ber. fiir CHO, (222): C, 64.86; H, 6.31%.) 

Diese Zimtsaure wird in Eisessig der katalytischen Hydrierung mit Palladium- 
kohle unterworfen. Nach beendigter Reaktion wird vom Palladiumkohle abfiltriert 
und das Filtrat im Vakuum abgedampft. Die 3-Athoxy-4-methoxy-phenylpropionsaure 
wird aus Benzol in Blattchen vom Schmp. 104-106° umkrystallisiert. (Gef.: C, 64.58; 
H, 7.40. Ber. fiir CisHw0.(224): C, 64.29; H, 7.14%.) 

Diese Phenylpropionsdéure wird in Chloroformlésung mit Thionylchlorid®) in 
3-Athoxy-4-methoxy-phenylpropionsaurechlorid und dann durch Ammoniak in dessen 
Amid iibergefiihrt. Aus Benzol umkrystallisiert bildet es Nadeln vom Schmp. 123- 
124°. (Gef.: C, 64.35; H, 7.74. Ber. fiir CwHiO;N (223): C, 64.57; H, 7.62%.) 

Dieses Amid wird durch Einwirkung von Natriumhypochlorit®) in 3-Athoxy-4- 
methoxy-$-phenylathylamin umgewandelt und in Athanol mit Oxalsaure neutralisiert. 
Das gebildete Oxalat wird nun aus Wasser umkrystallisiert. Prismen vom Schmp. 
226-227° unter Zersetzung (Gef.: C, 59.89; H, 7.68. Ber. fiir CuHsN20. (480): C, 
60.00; H, 7.50%.). Das Chlorhydrat wird durch Einleiten von Salzséuregas in die 
atherische Lésung dieses Amins erhalten und aus Benzol zu Prismen vom Schmp. 
166—168° umgelést. (Gef.: C, 57.387; H, 8.07. Ber. fiir CuHisNO.Cl (231.5): C, 57.02; 
H, 7.78%.) 


8.(3-Athoxy-4-methoxy-phenyl)-athyl-3’, 4/-methylendioxy-phenacetamid (IIl), 36 g. 
Homopiperonylsiure werden mit 39g. 3-Athoxy-4-methoxy-$-phenyl-athylamin zwei 
Stunden am Riickflusskiihler auf 180-190° erhitzt™. Nach dem Erkalten wird das 
krystallisierende Reaktionsgemisch in 400c.c. Chloroform gelést und die Chloroform- 
lésung mit verdiinnter Natronlauge und verdiinnter Salzsiure je dreimal und dann 
mit Wasser zweimal geschiittelt. Nach dem Trocknen mit festem Kaliumhydroxyd 
wird das Chloroform abgedampft und der Riickstand aus Benzol umkrystallisiert. 
Prismen vom Schmp. 129-131°. Ausbeute ca.53g. (Gef.: C, 67.50; H, 6.69. Ber. fiir 
C»H»NOs (357): C, 67.23; H, 6.44%.) 


(2) Domesticin-athylather schmolz bei 131° und zeigt [«]}f = +110.8° (This Bulletin, 
12 (1937), 161.) 

(3) Z. Kitasato und H. Shishido, Acta Phytochim. (Japan), 9 (1937), 265; H. Shishido, 
this Bulletin, 12 (1937), 150. 

(4) W.H. Perkin, J. Chem. Soc., 127 (1925), 1714. 

(5) W.H. Perkin, ibid., 125 (1924), 1694. 

(6) Decker, Ann., 395 (1915), 291. 

(7) This Bulletin, 12 (1937), 151. 
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1-Piperonyl-6-athoxy-7-methoxy- dihydroisochinolin-oxalat. 30g. obiges Acetamid 
(III) werden mit 150 c.c. Toluol und 60c.c. Phosphoroxychlorid anderthalb Stunden 
bei 130-140° gekocht. Nach dem Erkalten wird das Toluol mit Petrolather verdiinnt 
und nach einigen Minuten wird die obenstehende Fliissigkeit abgegossen, und der 
krystallinische Riickstand mit Petrolather gut gewaschen und mit 200 c.c. Benzol und 
10 c.c. konzentrierter Salzsiure unter Erwarmen auf dem Wasserbad vermischt. Nach 
Trennung der heissen Benzolschicht wird die untere Schicht mit viel Wasser um- 
geschiittelt, und das braune Ol erstarrt bald zu krystallisieren. Die Suspension dieser 
Krystalle in Natronlauge wird dann mit Benzol unter Zusatz von etwas Athanol 
geschiittelt, die Benzolschicht mit Wasser geschiittelt, mit Kaliumcarbonat getrocknet 
und abgedampft. Der Riickstand wird durch Oxalsaiure in ein Oxalat tibergefiihrt. 
Das so erhaltene Dihydroisochinolin-oxalat wird aus Wasser umkrystallisiert. Pris- 
men vom Schmp. 227-228° unter Zersetzung. (Gef.: C, 61.68; H, 5.74. Ber. fiir 
CxwHwOsN (429): C, 61.54; H, 5.36%.) 


1-Piperonyl-6-athoxy-7-methoxy-N-methyl-tetrahydroisochinolin (IV). Die obige 
Dihydroisochinolin (aus Oxalat) wird in 20 c.c. Benzol gelést und mit 20 c.c. Jodmethyl 
gekocht. Nach 4-5-stiindigem Kochen wird das abgeschiedene rotbraune 01 erstarrt 
langsam zu Krystallmasse. Das Jodmethylat wird aus Athanol umkrystallisiert und 
in Prismen vom Schmp. 142-144° unter Zersetzung erhalten. (Gef.: C, 52.43; H, 5.30. 
Ber. fiir C.H»NO,I (481): C, 52.39; H, 4.99%.) 

Nun wird das Jodmethylat mit Silberchlorid umgesetzt und das Produkt durch 
Zinkpulver-Schwefelsiure reduziert, wie bei 1-Piperonyl-6-methoxy-7-athoxy-N-methyl- 
tetrahydroisochinolin”). Nach 5—6-stiindigem Kochen wird die Lésung von Zink ab- 
filtriert, mit Ammoniak unter Eiskiihlung stark alkalisch gemacht und mit Ather 
dreimal ausgezogen. Die Atherlésung wird zweimal mit Wasser geschiittelt und mit 
Kaliumearbonat getrocknet. Der Abdampfungsriickstand des Athers wird in 40 c.c. 
Athanol gelést und mit einer Lésung von 8g. Oxalsaure in 40c.c. Athanol versetzt. 
Das so gebildete Oxalat schmilzt bei 186—-187° unter Zersetzung. Ausbeute 23g. (Gef.: 
C, 61.76; H, 6.16. Ber. fiir CHxNOs (445): C, 62.02; H, 6.07%.) 

Die Suspension dieses Oxalats in Kalilauge wird mit Ather ausgeschiittelt und 
der Abdampfungsriickstand des Lésungsmittels wird aus Athanol umkrystallisiert. 
Prismen vom Schmp. 154—155.5°. (Gef.: C, 71.15; H, 6.99. Ber. fiir CunH»NO, (355): 
C, 70.99; H, 7.04%.) 

Das Chlorhydrat wird auf iibliche Weise dargestellt und aus Methanol umkrys- 
tallisiert. Prismen vom Schmp. 237—239° unter Zersetzung. (Gef.: C, 64.20; H, 6.98. 
Ber. fiir CnHw»wNO.Cl (391.5): C, 64.36; H, 6.64%.) 

Das Sulfat wird durch gewéhnliche Methode dargestellt und aus Athanol um- 
krystallisiert. Prismen vom Schmp. 114-115° unter Zersetzung. (Gef.: C, 62.66; 
H, 6.42. Ber. fiir CuHsN20.uS (808): C, 62.38; H, 6.44%.) 


6/-Nitro-1-piperonyl-6-athoxy-7-methoxy-N-methyl-tetrahydroisochinolin. Eine Lé- 
sung von 5 g. 1-Piperony]-6-athoxy-7-methoxy-N-methyl-tetrahydroisochinolin in 25 c.c. 
Eisessig wird mit 10c.c. konz. Salpetersdure unterhalb 5° nitriert. Man behandelt 
das Reaktionsgemisch wie bei 6’-Nitro-1-piperonyl-6-methoxy-7-athoxy-Verbindung 
und nimmt mit Ather auf. Die atherische Lésung wird mit Wasser gewaschen und 
der Abdampfungsriickstand wird aus Methanol umkrystallisiert. Gelbe Prismen vom 





(8) This Bulletin, 12 (1937), 152. 
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Schmp. 128° (sintern bei 123°). (Gef.: C, 63.20; H, 6.31. Ber. fiir CuHaN.O, (400): 


C, 63.00; H, 6.00%.) 






6/-Amino-1-piperonyl-6-athoxy-7-methoxy-N-methyl-tetrahydroisochinolin (V). Die 
Reduktion der obigen Nitro-Verbindung wird mit Stannochlorid auf dieselbe Weise 
wie bei 6’-Amino-1-piperonyl-6-methoxy-7-athoxy-Verbindung) ausgefiihrt. Das so 
erhaltene Produkt wird mit Ather ausgezogen und der. Riickstand des Lésungsmittels 
aus Methanol umkrystallisiert. Prismen vom Schmp. 105-107°. (Gef.: C, 67.98; H, 
7.19; N, 7.70. Ber. fiir CuH»N.0, (370): C, 68.11; H, 7.03; N, 7.57%.) 

Das Oxalat wird auf iibliche Weise dargestellt und aus wasserhaltigem Athanol 
umkrystallisiert. Hellbraune Prismen vom Schmp. 186-188° unter Zersetzung. 
(Gef.: C, 59.80; H, 6.23. Ber. fiir CH»N:Os (460): C, 60.00; H, 6.09%.) 

Das Monochlorhydrat wird durch Versetzung von wenig 20-proz. Salzsdéure in 
alkoholische Lésung der freien Base dargestellt. Es krystallisiert aus Athanol in 
Prismen vom Schmp. 220-222° unter Zersetzung. (Gef.: C, 61.80; H, 6.87. Ber. fiir 
CuHzN:0,Cl (406.5): C, 61.99; H, 6.64%.) 

Das Sulfat wird durch Mischung der alkoholischen Lésung der Base mit wenig 
5-proz. Schwefelsiure gewonnen und aus Athanol umkrystallisiert. Prismen vom 
Schmp. 179-181° unter Zersetzung. (Gef.: C, 53.44; H, 6.35. Ber. fiir CuHssN.O.S 
(468): C, 53.85; H, 5.98%.) 
















d,l-2,3-Methylendioxy-5-methoxy-6-athoxy-N-methyl-aporphin (VI). Die oben an- 
gegebene Amino-Verbindung (V) wird, wie beim Fall von Domesticin-athylather ’), 
mit Natriumnitrit diazotiert und mit Kupferpulver behandelt und dann mit Zinkpulver- 
Salzséure reduziert. Das Filtrat vom Zink wird mit Ammoniak alkalisch gemacht, 
mit Ather sechsmal ausgezogen, und die atherische Lésung dreimal mit verdiinnter 
Natronlauge und dann mit Wasser gut gewaschen. Man lést den Abdampfungsriick- 
stand des Athers in Methanol und versetzt mit wenig 20-proz. Bromwasserstoff- 
wasserlésung, wobei sich das Bromhydrat der d,l-Base (VI) abscheidet. Das Brom- 
hydrat wird aus Athanol umkrystallisiert und in Prismen vom Schmp. 250-252° unter 
Zersetzung (farbt sich bei ca. 230°) erhalten. Ausbeute ca.20%. (Gef.: C, 57.85; 
H, 5.87. Ber. fiir CnH»NO.Br (434): C, 58.06; H, 5.53%.) 

Das Bromhydrat wird in warmem sehr verdiinntem Athanol gelést, mit verdiinnter 
Natronlauge alkalisch gemacht und mit Ather geschiittelt und die Atherlésung wird 
mit Wasser gewaschen und der Abdampfungsriickstand des Athers wird aus Petrol- 
ather umkrystallisiert. Derbe Blattchen vom Schmp. 136°. Sie sind leicht léslich in 
Ather, Methanol, Athanol und Chloroform und etwas schwerer léslich in Petrolather. 
(Gef.: C, 71.57; H, 6.65. Ber. fiir CnH»NO, (353): C, 71.39; H, 6.52%.) 






















Spaltung der racemischen Base in optische Antipode. In eine Lésung von 1.5g. 
der wie oben erhaltenen d,l-Base (VI) in 35c.c. Athanol werden 5c.c. einer 2N 
alkoholischen Lésung von d-Weinsaure hinzugefiigt. Nach eintagigem Stehen wird 
das abgeschiedene krystallinische 1[-2,3-Methylendioxy-5-methoxy-6-athoxy-N-methy]l- 
aporphin-d-tartrat abfiltriert und mit Athanol gut gewaschen. Das Tartrat wird in 
warmem Wasser gelést, mit verdiinnter Natronlauge alkalisch gemacht und mit Ather 
ausgeschiittelt. Der Riickstand der Atherlésung wird aus Petrolather umkrystallisiert. 









(9) This Bulletin, 12 (1937), 153. 
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Derbe Prismen vom Schmp. ca. 126°. Das Drehungsvermégen der Base wird [= = 
—47.4° (in Athanol) erhalten. Dass aber damit der Endwert des Drehungsvermiégens 
noch nicht erreicht ist, ergibt die weitere Verarbeitung dieses Produktes. 

0.3723 g. der obigen Base werden in 10c.c. Athanol gelést und mit 5c.c. einer 
alkoholischen Lésung von 0.1867 g. d-Weinséure versetzt. Nach einem Tag wird die 
ausgeschiedenen Krystalle von /-Base-d-tartrat gesammelt und mit Athanol gut ge- 
waschen. Das Tartrat wird aus Athanol umkrystallisiert und bildet Prismen vom 
Schmp. 186-188° unter Zersetzung. Man suspendiert sie in Natronlauge und nimmt 
die freie Base mit Ather auf. Der Abdampfungsriickstand des Athers wird aus 
Petrolaither umkrystallisiert. Derbe Prismen vom Schmp. 142-144°. (Gef.: C, 71.69; 
H, 6.78. Ber. fiir CuH»NO, (353): C, 71.39; H, 6.52%). («8 = —90.9° in Athanol. 

Das Bromhydrat wird auf iibliche Weise dargestellt und aus Athanol umkrystalli- 
siert. Prismen vom Schmp. 260-261° unter Zersetzung (es farbt sich gegen ca. 230°). 
(Gef.: C, 57.78; H, 5.72. Ber. fiir CuHaNO.Br (434): C, 58.06; H, 5.53%.) 

Die Mutterlauge samt dem Wasch-Alkohol von [-Base-d-tartrat wird bis 20 c.c. 
eingedampft und einen Tag stehen gelassen. Man filtriert den abgeschiedenen 
Krystalle und verdampft das Filtrat, lést den Riickstand in Wasser, macht mit ver- 
diinnter Natronlauge alkalisch und extrahiert mit Ather. Der Abdampfungsriickstand 
des Athers (0.7 g.) wird in 20c.c. Athanol gelést und mit einer 4.6 ¢.c. N alkoholischen 
Lésung von /-Weinsdure versetzt. Nach eintagigem Stehen wird der abgeschiedene 
krystallinische d-2,3-Methylendioxy-5-methoxy-6-aithoxy-N-methyl-aporphin-l-tartrat ge- 
sammelt und aus Athanol umkrystallisiert in Prismen vom Schmp. 186-188° unter 
Zersetzung erhalten. Man suspendiert sie in Natronlauge, nimmt die frei gesetzte 
Base mit Ather auf und krystallisiert den Abdampfungsriickstand des Athers aus 
Petrolaither um, wobei man d-2,3-Methylendioxy-5-methoxy-6-athoxy-N-methyl-apor- 
phin (II) in derben Prismen vom Schmp. 142-144° erhalt. (Gef.: C, 71.46; H, 6.69. 
Ber. fiir CuH»NO, (353): C, 71.39; H, 6.52%.). [2%$ = + 90.0° in Athanol. 

Es nimmt mit konzentrierter Schwefelséure eine rotviolette Farbe an, die durch 
Salpetersiure-Dampf ins Blaugriin umschlaigt. Diese Farbenreaktion tritt auch bei 
Domesticin-athylither auf), aber der Mischschmelzpunkt dieser Base mit dem 
Domesticin-athylather liegt bei ca. 128° (Sinterung schon gegen 110°). 

Man erhalt das Bromhydrat auf iibliche Weise und krystallisiert aus Athanol in 
Prismen vom Schmp. 260-261° unter Zersetzung (es farbt sich gegen ca. 230°). (Gef.: 
C, 57.76; H, 5.85. Ber. fiir CuH»NO.Br (484): C, 58.06; H, 5.53%.) 


Zum Schluss méchte ich Herrn Dr. Zenjiro Kitasato fiir seine freund- 


liche Leitung und giitige Unterstiitzung meinen herzlichsten Dank aus- 
sprechen. 


Chemisches Laboratorium des Kitasato-Institutes, Tokyo. 


(10) This Bulletin, 12 (1937), 154. 
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The Electrolytic Formation of Persulphate. Part IV. 
Influence of Temperature.” 


By Ryoichi MATSUDA, Hideo KONYA, and Teruichi NISHIMORI, 


(Received August 25th, 1937.) 


It was stated in Part I“ of this investigation as the result of observ- 
ing the important réle played by OH’-ions concentration of the electrolyte 
that oxidation of sulphuric acid with the anodic oxygen is responsible for 
the persulphate formation by electrolysis and then Part II® gave the con- 
firmation of this view. Discharge of HSO,’-ions or oxidation of SO,”- 
ions can hardly account for the mechanism of this anodic reaction satis- 
factorily. 

There are a number of conditions which seem to control the anodic 
formation of persulphate: among them are the concentration of the 
electrolyte, the treatment and nature of the electrodes, the use of dia- 
phragm, etc. which were studied to some extent in the previous papers. 
Temperature is one of the most important conditions of electrolysis, and 
it is generally known that a lower temperature is favourable to this sort 
of anodic reaction, but not to what extent the temperature is best lowered, 
nor to what kind of change the lower temperature gives rise in the nature 
of reaction. Temperature must have connexions with various aspects of 
the anodic reaction, but here the temperature of the electrolyte is mainly 
studied in this paper. 


Experimental. In each case of the electrolyses recorded in the present 
paper 130 c.c. of electrolyte are employed without diaphragm. The anode 
consists of a spiral of Pt-wire which is 0.05 cm. in diameter and 20.7 cm. 
in length. It is thoroughly ignited immediately before use and is kept 
rotating at the center of the electrolytic vessel. The cathode is also of 
Pt-wire as thick as the anode and 45cm. long, which is wound spirally 
against the wall of the vessel. The same quantity of electricity, 1170 
coulombs, is supplied in each electrolysis. The electrolyte is kept at the 
temperature under study by surrounding the vessel from outside with 


* The contribution to this work by one of the authors (H. K.) was made as his gradua- 
tion research in this college. 

(1) This Bulletin, 11 (1936), 1. 

(2) Ibid., 11 (1936), 650. 
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water of adequate temperature. The analysis of the electrolysed solu- 
tion is made by the same methods as those described in Part I. 

Experiment 1. Electrolyses of 7 N ammonium sulphate solution. 
7N ammonium sulphate solution is electrolysed at 5°, 15°, and 25°C. to 
examine the change in the C. E. (the abbreviation of current efficiency) 
for the different temperatures. The increase of the anodic current density 
is favourable to the C. E., and so is the lowering of the temperature also 
as shown in Table 1. These C. E.’es are all greater than those of 10 N 
sulphuric acid electrolysis at the corresponding temperatures and current 
densities described in Experiment 2. The latter solution is obviously more 
concentrated with respect to sulphate radical than the former and is known 
to contain HSO,’-ions which were considered by certain investigators 
as responsible, on being discharged at the anode, to persulphate formation. 

A question will be raised, then, if the fact that the latter solution 
gives smaller C. E. may be due to its peroxidic products being reduced by 
the cathodic hydrogen to a considerable extent. Two further electrolyses, 
accordingly, are undertaken to solve the question as follows: 10N 
sulphuric acid is electrolysed at 15°C. with two current densities, 40 and 
80 amp./dm.?, as will be seen in Experiment 2, with diaphragm to keep 
the anodic products from the cathodic influences. The C. E.’es of these 
two electrolyses are even smaller than those of 7N ammonium sulphate 
solution under the similar conditions. The HSO,’-ion discharge theory 
is not applicable to explain these facts, but the sulphuric acid oxidation 
theory well enables us to account for them. 

The C. E. as regard to Caro’s acid is generally insignificantly small 
in this case, and those figures mentioned above are all referred to the 
total peroxidic oxygen. 

Experiment 2. Electrolyses of 10N sulphuric acid. 10N sulphuric 
acid is electrolysed at 5°, 15°, and 25°C., and its C. E. is shown in Table 2 
and Fig. 1. The lower the temperature, the greater the total C. E., and 
the C. E. at 5°C. is far greater than those at the other temperatures. The 
increase of the current density is favourable to the C. E. especially at 5°C. 
It seems likely, then, that the accumulation of ions or their discharge 
products plays its favourable influences on the persulphate formation at 
5°C. with little influences which are unfavourable to the anodic reaction 
like, e.g., the cathodic reduction, or decomposition at, or in the vicinity 
of, the cathode. 

Since no diaphragm is used in all these electrolyses, the anodic pro- 
ducts are open to the cathodic reduction. In the case of 7N sulphuric 


(3) R. Elos and O. Schénherr, Z. Elektrochem., 1 (1894), 417. 
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acid electrolysed at 18°C. it was shown in Parts I and II that the C. E. 
is far better when diaphragm is used than otherwise, and this is obviously 
because the cathodic reduction is prevented by the use of diaphragm. It 
is highly probable, then, in the present experiment that the C. E. would 
be improved as the result of preventing the cathodic influences, if dia- 
phragm were used in the electrolysis of 10 N sulphuric acid at 15° and 
25°C. It is known, moreover, that the conductivity of sulphuric acid 
decreases, but its degree of electrolytic dissociation increases, with the 
lowering of temperature and also that persulphuric acid is endothermic 
with regard to its decomposition products, oxygen and sulphuric acid. 
Then the highest C. E. obtained in this case at 5°C. must be attributed 
to the fact that the cathodic reduction is the least effective at this tempera- 
ture and the poorer C. E.’es at 15° and 25°C., partly at least, to the 
fact that the cathodic reduction increases its effectiveness upon the anodic 
products at these temperatures. 

The C. E. as to Caro’s acid is small in each case, because the electrolyte 
is comparatively dilute. 

10 N sulphuric acid is electrolysed with diaphragm, unlike the other 
electrolyses in this paper, at 15°C., whose total C. E.’es are 36.9 and 
40.9% for the current densities of 40 and 80 amp./dm.? respectively, 
which fact is referred to already in the previous experiment. 

Experiment 3. Electrolyses of 15 N sulphuric acid. ‘15 N sulphuric 
acid is electrolysed at 5°, 15°, and 25°C., whose C. E. is shown in Table 3 
and Fig. 2. Lower temperature and greater current density both seem 
to be favourable to the C. E. just as in Experiment 2. The degree of 
electrolytic dissociation is smaller with rising temperature as described 
in the previous case, hence the concentration of HSO,’-ions becomes 
greater with rising temperature in contrast with that of SO,”-ions getting 
smaller. So the change of the degree of dissociation caused by that of 
temperature will evidently affect the C. E. The result of the present ex- 
periment, however, cannot be dealt with merely from the viewpoint of 
the degree of dissociation. 

The difference between the C. E.’es at different temperatures is 
smaller than that of the corresponding cases of 10N sulphuric acid in 
the previous experiment. This is probably because the temperature co- 
efficient of the degree of dissociation of sulphuric acid is smaller in this 
case, the concentration of the acid being greater than the previous case. 

Each C. E. in this case is greater than the corresponding one in the 
previous case, because not only the concentration of the electrolyte is 
greater in this case, but also the concentration of OH’-ions is greater in 
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consequence of that of the electrolyte itself increasing. It was already 
stated in Parts I and II that the increase of the concentration of OH’- 
ions is favourable to the anodic formation of persulphate. The C. E. 
with respect to Caro’s acid on the contrary is generally the greater, the 
higher the temperature. 

Comparison of the present case with Experiment 3 in Part II of this 
investigation which dealt with the electrolyses of 15 N sulphate solutions 
containing various amounts of sulphuric acid and ammonium sulphate is 
of particular interest to the study of the mechanism of persulphate forma- 
tion: one deals with the influence of temperature on the electrolysis of 
15 N sulphuric acid and the other that of OH’-ions on the electrolysis of 
15 N sulphate solution. In the former case the lowering of temperature 
results in retardation of the cathodic reduction as described above and 
also in increase of the degree of dissociation of sulphuric acid which 
necessarily involves decrease of the concentration of molecular sulphuric 
acid. A high concentration of molecular sulphuric acid is indispensable 
for persulphuric acid to become Caro’s acid. Under these circumstances, 
therefore, persulphuric acid which is formed at the anode can mostly 
remain as it is, when the temperature is lower, without being transformed 
into Caro’s acid or reduced at the cathode. 

When the temperature is higher, however, as can be easily under- 
stood from what has been mentioned above, not only the cathodic reduc- 
tion becomes more active, but also persulphuric acid which is formed at 
the anode becomes more liable to be changed into Caro’s acid, which latter 
substance is much more reducible than persulphuric acid itself. From 
these reasons the total C. E. is comparatively great and the Caro’s acid 
C. E. is comparatively small when the temperature is lower, and vice versa 
when the temperature is higher. 

In the latter case which deals with the influence of OH’-ions con- 
centration on 15N sulphate solutions the concentration of ammonium 
sulphate stands for the temperature in the former. The high concentra- 
tion of the sulphate corresponds to the low temperature and vice versa. 
So these two cases under consideration are alike each other in having 
the greatest total C. E. when the Caro’s acid C. E. is smallest and the 
smallest total C. E. when the Caro’s acid C. E. is greatest because of the 
radically similar reasons. 

Experiment 4. Electrolyses of 20N sulphuric acid. Influence of the 
temperature on the electrolyses of 20 N sulphuric acid is studied. The 
C. E.’es are shown in Table 4 and Fig. 3, of which those at 15°C. were 
already given in Part II. As to each pair of curves in the figure the 
higher one represents the total C. E. and the lower the Caro’s acid C. E. 





1937] The Electrolytic Formation of Persulphate. Part IV. 429 


The Caro’s acid C. E. is generally greater, compared with that in Experi- 
ment 3, because the concentration of the electrolyte is greater in this case; 
the total C. E. is consequently smaller in general for the reason stated 
above. The influence of the temperature on the C. E. is the same as before 
when the current density is smaller, but it is reversed when the current 
density is greater. 

Experiment 5. Results of electrolyses of 25, 30, and 36N sulphuric 
acid are shown in Table 5 and Fig. 4, Table 6 and Fig. 5, and Table 7 
and Fig. 6, respectively. 


Table 1. The Current Efficiency of 7N Ammonium Sulphate. 


C. D. (amp./dm.*) 20 





0.5% 0.5 0.5 0.5 








62.4 75.9 
56.8 65.1 
22.6 37.5 


5°C. 34.8 49.5 


The Total C. E. 15 27.9 38.4 
25 7.8 14.8 


The Caro’s Acid C. E. trace _ 
| 





Table 2. The Current Efficiency of 10N Sulphuric Acid. 


C. D. (amp./dm..) 











| 
| 
| The Caro’s Acid C. E. 





The Total C. E. 





The Total C. E. 
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Table 4. The Current Efficiency of 20N Sulphuric Acid. 


C. D. (amp./im.2) | 6 10 20 | 40 


| 39.6% 48.5 43.3 20.7 
The Caro’s Acid C. E. 38.5 46.5 61.2 51.2 
10.3 16.8 44.8 47.7 


. |) 4 61.2 63.0 52.7 
The Total C. E. | $39.3 55.2 62.1 59.9 
33.2 50.8 54.4 62.5 














Table 5. The Current Efficiency of 25N Sulphuric Acid. 








5°C.| 67.4%| 56.9 | 268 | 243 | 243 | — ‘nd 


The Caro’s Acid . E. 15 42.0 48.7 50.7 23.1 | 20.1 _ 22.5 
25 43.3 49.0 58.2 51.9 47.8 | 31.9 


C. D. (amp./dm.2) | 6 10 20 30 | 40 | 50 | 80 








71.8 | 668 | 300 | 22 | 22); — | — 
The Total C. E. 15 60.8 | 67.1 | 63.7 | 268 | 211 | — | 286 
25 61.2 | 65.5 | 64.0 | 48.5 | 31.9 | 

















Table 6. The Current Efficiency of 30N Sulphuric Acid. 





C. D. (amp./dm.*) 6 10 20 40 60 





5°C.| 26.3% | 289 | 100 | 103 i 
The Caro’s Acid C. E. 15 46.0 42.6 35.1 11.2 7 
25 27.4 34.6 37.4 31.8 16.6 





a a ad er eat a | 

5°C. | 40.0 35.8 | 16.7 18.1 | 

The Total C. E. 15 61.2 50.1 42.9 | 14.7 | 
25 4.2 | 423 | 446 | 423 | 


24.2 














Table 7. The Current Efficiency of 36N Sulphuric Acid. 


C. D. (amp./dm.’) 





The Caro’s Acid C. E. 








The Total C. E. 








The Electrolytic Formation of Persulphate. Part IV. 
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Summary. 


(1) 7N ammonium sulphate solution and 10, 15, 20, 25, 30, and 
36 N sulphuric acid are electrolysed without diaphragm. 10N sulphuric 
acid is also electrolysed with diaphragm. Current efficiency is observed 
for various current densities and temperatures, the latter being 5°, 15°, 
and 25°C. 

(2) The mechanism of the anodic formation of persulphuric acid 
is discussed from the relation between the temperature and current effi- 
ciency, and the fresh results of electrolyses described in this paper can 
be accounted for by the view that persulphuric acid is formed by the 
oxidation of sulphuric acid with the anodic oxygen which was proposed 
in Part I, and confirmed in Part II of this investigation. 

(3) An interesting similarity is noticed which exists between the 
electrolysis of 15 N sulphuric acid made at various temperatures and that 
of the same made with various OH’-ion concentrations. 


The Department of Applied Chemistry, 
Tokushima Technical College, Tokushima. 
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Studies on the Unsaturated Lower Fatty Acids. On the Crystalline 
Derivatives of the Unsaturated Lower Fatty Acids. 


By Saburo KOMORI and Sei-ichi UENO. 
(Received August 27th, 1937.) 


It is a problem all important to determine the melting points of 
crystalline derivatives of unsaturated fatty acids, but the work on this 
line is very imperfect. We have only the data of tiglic,”) oleic, ®™ 
erucic, and cetoleic’) acids. The authors have prepared pure obtusilic, 
linderic, and tetradecenoic acids from the oil of the nuts of Lindera 
obtusiloba, and determined their physical properties and the melting 
points of their crystalline derivatives. The tetradecenoic acid of this 
oil was formerly concluded to be physeteric acid by M. Tsujimoto.“ The 
tetradecenoic acid the authors have prepared this time, however, was a 
solid melting at 18.0-18.5°. From the result of ozonolysis, it has been 
recognized to be tsuzuic acid. 


Experimental. 


The basis of this work was the oil of nuts of “Tohaku” (Lindera obtusiloba) as 
in previous report.) It had the following characteristics: d2 0.9494, n? 1.4701, 
acid value 28.2, iodine value (Wijs) 77.7, saponification value 236.1. 


(1) Obtusilic Acid. The oil (3kg.) was saponified, decomposed, and the mixed 
fatty acids thus obtained were subjected to fractional distillation under a diminished 
pressure of 13mm. A fraction (32.5 g.) up to 153° was taken, and after the removal 
of the unsaponifiable matter, the fatty acids were converted into methyl esters, and 
the latter were brominated in ethereal solution cooled with ice. The product of 
bromination was fractionally distilled under a diminished pressure of 2mm. The 
fraction boiling at 149-154°/2mm. (12g.) was taken, and after debromination, the 
obtained methyl ester was saponified. The liberated fatty acid was subjected to a 
further fractionation, and a fraction (3.2 g.) boiling at 148-150°/13 mm. was collected 
as decenoic acid. It had the following constants: dj° 0.9222, d? 0.9197, n}§ 1.4519, 
n? 1.4497, mol. ref. 49.76, neutralization value 328.3, iodine value 146.0 (calc. for 
CywHisO2: mol. ref. 49.47, neutralization value 329.7, iodine value 149.2). This fatty 


(1) Lund and Langvad, J. Am. Chem. Soc., 54 (1982), 4107. 
(2) Escher, Helv. Chim. Acta, 12 (1929), 465. 

(3) Drake and Bronitsky, J. Am. Chem. Soc., 52 (1930), 3715. 
(4) Kimura, J. Soc. Chem. Ind., Japan, 35 (1932), 2213. 

(5) Komori and Ueno, this Bulletin, 12 (1937), 226. 

(6) J. Soc. Chem. Ind., Japan, 27 (1924), 329. 
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acid was methylated and oxidized with potassium permanganate in acetone solution. In 
the decomposition product, succinic and caproic acids were detected. This result showed 
that no isomeric change involving the shifting of an ethylenic linkage had taken place 
during the process of purification. The obtusilic acid obtained (0.4g.) was oxidized 
by Hazura’s method (cooled to 0-2° and oxidized with 0.5% KMn0Q,), but we could 
not obtain any solid oxidation product. The p-bromophenacyl ester of obtusilic acid 
was prepared according to the method of Y. Kimura.) The ester formed lustrous 
scaly crystals, and had the melting point 43.3°. 


(2) Linderic Acid, The “Tohaku” oil (5kg.) was saponified, decomposed, and 

the mixed fatty acids thus obtained were subjected to fractional distillation under a 

diminished pressure of 13mm. The results of the fractional distillation are given in 
Table 1. 

Table 1. 





Fraction 


1 
2 
3 


Yield 


y B.p. 
(°C./13 mm.) | 


—160 


Residue 


(g.) 
666 

1591 

2158 


20 
Ny 


1.4409 





Saponif. 
value 


268.9 
272.6 


Neutr. 
value 


238.5 
259.1 














| 
160—170 | 
| 





150g. of fraction 2, after separation of unsaponifiable matter, was subjected 
to the bromo-ester method of Griin and Janko, and the obtained fraction 178-182°/2 mm. 
(118 g.), (dibromolinderic acid methyl ester), was debrominated with zink powder 
and hydrochloric acid in methanol solution. The pro- 
duced methyl ester was saponified and the liberated 
fatty acid was subjected to a further fractionation, by 
which a fraction (29¢g.) boiling at 170-172°/13 mm. 
was collected as linderic acid. The linderic acid 
had a following properties: d}° 0.9106, d? 0.9081, nj, 
1.4545, np 1.4529, mol. ref. 58.98, neutralization value 
282.1, iodine value 128.4, melting point 1.0-1.3° (calc. 
for C.:H2Os: mol. ref. 58.69, neutralization value 282.0, 
iodine value 128.1). On oxidizing the linderic acid 
by Hazura’s method, it yielded dihydroxy-lauric acid 
having the melting point 102°. The cooling curve of 
this acid is shown in Fig. 1. The melting points of 
crystalline derivatives were as follows: p-phenyl- 
phenacyl ester 42.5°, p-bromophenacyl ester 47.5°, S- 
benzylthiuronium salt) 139.0°. 


(3) Tetradecenoic Acid. The residue (1.5kg.) of the fractional distillation 
(Table 1), after the removal of the unsaponifiable matter, was converted into methyl 
ester, and fractionally distilled. The fraction boiling between 145-170°/13 mm. (102 g.) 
was again fractionated as shown in Table 2. 


{ 


~~ 


a 
Tem libre (°C.) 


0 
0 10 20 30 40 50 60 
— Time (minutes) 


Fig. 1. 


(7) J.J. Donleavy, J. Am. Chem. Soc., 58 (1936), 1004. 
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Table 2. 


Fraction | B.p. (°C./J3 mm.) | Yield (g.) 


—145 39 
145—150 12 
150—155 5 
155—16) 4.5 
160—165 
165—170 
170—175 
Residue 








The fatty acids liberated from fraction 5, were separated into unsaturated and 
saturated acids by the lead salt petroleum ether method. The unsaturated acid por- 
tion was fractionally distilled once more, and finally 
2.2¢. of the unsaturated acid possessing the follow- 
ing values was obtained: melting point 18.0-18.5°, 
boiling point 185-188°/13 mm., d4}> 0.9055, d2 0.9024, 
ni 1.4575, n# 1.4557, mol. ref. 67.83, neutralization 


value 248.3, iodine value 111.5 (cale. for CuH2sOc2: 
mol. ref. 67.93, neutralization value 248.0, iodine value 
112.0). The cooling curve of this acid is shown in 
Fig. 2. 13g. of this fatty acid was ‘subjected to 
ozonolysis, and from the decomposition product, suc- 
cinic acid was detected. It is certain, therefore, that 5 10 15 20 25 30 
the fatty acid is tsuzuic acid. The melting point of p- 
phenylphenacyl ester and p-bromophenacy] ester of this 
acid were respectively 54.5° and 61.3°. Fig. 2. 


Temperature (°C.) 


—» Time (minutes) 


Summary. 


(1) It is recognized that the tetradecenoic acid of “Tohaku”’ oil is 
tsuzuic acid. 

(2) The authors have prepared pure obtusilic, linderic, and tetra- 
decenoic acids from the “Tohaku” oil, and have determined their physical 
properties and the melting points of their crystalline derivatives. 


Department of Chemical Technology, Faculty of Engineering, 
Imperial University of Osaka. 
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Uber die Konstitution des Cerberins. 


Von Tamaki MATSUBARA. 


(Eingegangen am 30. August 1937.) 


Aus dem Samen der in Indien als giftig bekannten Apocynaceae 
Cerbera Odollam (Gaertner) stellte zuerst de Vrij im Jahre 1864, spater 
dann Plugge, kristallisiertes Glykosid mit dem Schmelzpunkt 190-192° 
dar und gab diesem die Formel C2;HioO,. Plugge, nachdem er Cerberin 
in einer alkoholischen Lésung mit einem Zusatz von Schwefelsdure 
langere Zeit kochte, gewann ein zitronengelbes amorphes Pulver, das 
bei 85.5° schmolz und fiir welches ex die Formel C,9H2.O, aufstellte. 

Seitdem hat man keine weiteren Forschungsberichte iiber Cerberin 
gefunden. Ich habe daher vor einigen Jahren ein paar Kilogramm Samen- 
kerne von Cerbera Odollam (Gaertner) aus Okinawa (den Luchu Inseln 
im Siiden Japans) bezogen und mich mit der Bearbeitung des Cerberins 
beschaftigt. Dieses Glykosid schiesst aus seiner 95-proz. alkoholischer 
Lésung in Prismen an, enthalt weder Kristallwasser noch Asche und 
schmilzt bei 191-193°. Das Glykosid bildet aus verdiinnter alkoholischer 
Lésung Nadeln von 14 Mol Kristallwasser (0.4227 g. Substanz, unter 110° 
und 30mm. 6 Stunden getrocknet, ergab eine Gewichtsabnahme von 
0.0075 g. Gefunden: Kristallwasser 1.77. Berechnet fiir C.»H,,O.-15H.0O: 
Kristallwasser 1.70%). Auf Grund seiner Elementaranalyse und Mole- 
kulargewichtsbestimmung darf man dem Cerberin mit Recht die Formel 
Co9H4,03 geben, [a]§*” = —77.9° (0.1315 g. Substanz in 13 c.c. Chloroform, 
l= 1.894dm., af = —1.48°) (Gefunden: C, 66.71, 66.41, 66.88, 66.71; 
H, 8.37, 8.23, 8.91, 8.47; Molekulargewicht nach Rastscher Methode, 527, 
520. Berechnet fiir Co9>H,,03: C, 66.87; H, 8.52% ; Molekulargewicht, 520). 

Cerberin nimmt, nicht in Kalte, sondern in Warme Alkali auf, zeigt 
die Legalsche) und Baljetsche“) Reaktion; durch die katalytische Hyd- 
rierung ergibt es Dihydro-cerberin (II) (Gefunden: C, 65.52, 65.41; H, 
8.32, 8.26. Berechnet fiir Co9H4g03-14H.0: C, 65.30; H, 8.92% ) ; das (II) 
aus Ather Nadeln vom Schmelzpunkt 185-186° bildet und dessen 
Legalsche und Baljetsche Reaktion sich als negativ erweist. Cerberin ist 
infolgedessen {,y-ungesattigtes Oxylacton. Wie andere Herzgifte liefert 


(1) Arch. Pharm., 231 (1896), 10. 
(2) J. Biol. Chem., 67 (1926), 333. 
(3) Schweiz. Apoth.-Ztg., 56 (1918), 84. 
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das Cerberin auch Iso-cerberin (III), aus Alkohol, in kleinen Prismen 
vom Schmelzpunkt 252-253°, [a]#’ = —73.8° (0.1349 g. Substanz in 13 c.c. 
Chloroform, | = 1.894dm., a} = —1.45°) (Gefunden: C, 66.98, 66.86; H, 
8.34, 8.33; Molekulargewicht nach Rastscher Methode, 515, 529. Berechnet 
fiir Coo9Hy,0g: C, 66.87; H, 8.52%; Molekulargewicht, 520). Daraus 
erklart sich das Vorhandensein einer Hydroxylgruppe an C,, in Cerberin, 
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welches bei der Saéure-Einwirkung als Wasser herausgenommen wird. 
Bei langerem Kochen in 5-proz. alkoholischer Schwefelséure spaltet sich 
das Cerberin ab unter Bildung von Cerberose (eines neuen Zuckers) und 
einer zitronengelben amorphen Substanz. Wenn man diese Substanz in 
Ather lést und dann einige Tage liegen lisst, verwandelt sich ein Teil 
derselben in Nadeln und wenn diese Nadeln aus Alkohol umkristallisiert 
werden, gewinnt man farblose, langere Nadeln vom Schmelzpunkt 220- 
222°, die nach ihrer Elementaranalyse und Molekulargewichtsbestimmung 
als Anhydro-cerberigenin festgestellt werden, [a]J#° = +46.8° (0.1319 g. 
Substanz in 13 ¢.c. Chloroform, | = 1.894dm., a# = +0.9°) (Gefunden: 
C, 77.43, 77.43, 77.49, 77.50; H, 9.11, 8.93, 9.09, 9.25; Molekulargewicht 
nach Rastscher Methode, 348, 354. Berechnet fiir C2s3;H;.03: C, 77.47; 
H, 9.05%; Molekulargewicht, 356). Dieses Anhydro-Genin wird mit 
Digitonin gefallt (0.0396 ¢g. dieses Anhydro-Genins ergaben 0.1764 g. 
Digitonid). Die Verseifungszahl des Anhydro-cerberigenins lasst einen 
Lactonring erkennen (0.1703 g. bzw. 0.1506 g. dieser Substanz verbrauch- 
ten 4.7 c.c. bzw. 4.1 ¢.c. N/10 Kalilauge. Gefunden: Verseifungszahl: 154, 
153. Berechnet fiir C.;H;.0; (per 1 Mol Kalilauge): Verseifungszahl, 
158) ; dasselbe liefert bei katalytischer Hydrierung Tetrahydro-anhydro- 
cerberigenin (VI), aus Alkohol, in Nadeln vom Schmelzpunkt 155-156° 
(Gefunden: C, 76.61, 76.34, 76.56; H, 9.71, 9.81, 9.94. Berechnet fiir 
C23H3,03: C, 76.61; H, 10.07%). Durch die Oxydation dieser Verbindung 
mit Chromsdéureanhydrid gewinnt man Tetrahydro-anhydro-cerberigenon 
(VII), welches aus Alkohol Nadeln vom Schmelzpunkt 181-182° bildet 
(Gefunden: C, 77.19, 77.39; H, 8.96, 9.23; Molekulargewicht nach 
Rastscher Methode, 349. Berechnet fiir C2;H3,03;: C, 77.04; H, 9.56%; 
Molekulargewicht, 358). Wenn man auf das Tetrahydro-anhydro-cerberi- 
genon Hydroxylamin einwirken lasst, ergibt es Tetrahydro-anhydro- 
cerberigenon-oxim, welches aus Alkohol feine Nadeln vom Schmelzpunkt 
210-212° bildet (Gefunden: C, 74.63, 74.83; H, 8.76, 8.68. Berechnet fiir 
C.3;H;;03N: C, 74.94; H, 9.45%). 

Wird Anhydro-cerberigenin mit Chromsaureanhydrid oxydiert, erhalt 
man Anhydro-cerberigenon (VIII), welches aus Alkohol Nadeln vom 
Schmelzpunkt 195-196° bildet, [a] = +74.4° (0.1295 g. Substanz in 13 c.c. 
Chloroform, | = 1.894dm., a%’ = +1.4°) (Gefunden: C, 77.64; H, 8.95. 
Berechnet fiir C.3;Hgo0;: C, 77.92; H, 8.54%). Bei Behandlung dieses 
Ketons mit Hydroxylamin erhalt man Anhydro-cerberigenon-oxim, aus 
Alkohol, in Nadeln vom Schmelzpunkt 221-223° (Gefunden: C, 74.79, 
74.81; H, 8.32, 8.48. Berechnet fiir C.3;H3,0;N: C, 74.75; H, 8.46%). 


(4) J. Biol. Chem., 102 (1933), 237. 





1937] Uber die Konstitution des Cerberins. 439 


Das aus Anhydro-cerberigenin, Essigsdureanhydrid und trockenem 
Natriumacetat hergestellte Anhydro-cerberigenin-acetat (IX) _ lieferte 
aus Alkohol farblose hexagonale Platten vom Schmelzpunkt 175-176°, 
[ali = +58° (0.1124g. Substanz in 13¢.c. Chloroform, | = 1.894 dm., 
a%® = +0.95°) (Gefunden: C, 75.26, 75.54; H, 8.83, 8.59; Molekulargewicht 
nach Rastscher Methode, 393, 399. Berechnet fiir C.;H;,0,: C,75.33; H, 
8.59%. Molekulargewicht, 398). Die oben angefiihrten Tatsachen be- 
stitigen, dass Anhydro-cerberigenin ein B,y-ungesattigtes Oxylacton ist 
und zwei Doppelbindungen hat und da es Digitonid bildet, erkennt man, 
dass eine sekundire Hydroxylgruppe an C; steht.) Das Anhydro- 
cerberigenin hat die Konstitutionsformel V. Aus der Elementaranalyse 
und Molekulargewichtsbestimmung desjenigen Anteils (Schmelzpunkt 
92-94°) von zitronengelben Genin, der aus seiner Atherlésung keinen 
Kristall bildet, ergibt sich im Durchschnitt C, 75.67; H, 9.21% und das 
Molekulargewicht betragt 367 (Gefunden: C, 75.64, 75.72; H, 9.02, 9.39; 
Molekulargewicht nach Rastscher Methode, 367. Berechnet fiir C.;H3.03: 
C, 77.47; H, 9.05% ; Molekulargewicht, 356; Co3;H3,0,4: C, 73.74; H, 9.16% ; 
Molekulargewicht, 374), was also dem Durchschnittswert von C und H 
bei Co3;H3203; und C2;H3,0; nahekommt. Aus den Tatsachen, dass dieses 
zitronengelbe Genin Digitonid liefert und dass ein Teil des ersteren durch 
nochmalige Hydrolyse in Anhydro-cerberigenin C.;H;.03; in nadelkris- 
talliner Form verwandelt werden kann, konnte man zum Schluss kom- 
men, dass derjenige Teil, der sich aus der Atherlésung von Aglykon nicht 
kristallisiert, ein Gemisch von C.;H3.0; und Co3;H3,0, war, und da Cer- 
berin Iso-cerberin (III) ergibt, muss auch im Genin selbstverstindlich 
eine tertidre Hydroxylgruppe an C,, stehen.“) Das primare Genin 
Co3H340, konnte unter den angewandten Spaltungsbedingungen nicht 
isoliert werden, sondern es war ganz unverkennbar, dass es sich unter 
der Einwirkung der alkoholischen Schwefelsaéure allmahlich in Anhydro- 
cerberigenin C.;H;.0,; verwandelte. Dieser Vorgang verhalt sich ganz 
ahnlich wie bei der Hydrolyse von Oleandrin,“ Digitalinum verum‘ 
und Thevetin.“ Es ist mir nicht gelungen, Cerberigenin als primares 
Genin zu isolieren, welches durch die Hydrolyse von Cerberin hervorkom- 
men sollte. Ich konnte aber, die obenerwaéhnten Tatsachen zusammen- 
genommen, auf das Vorhandensein von Cerberigenin folgern, das wahr- 


(5) Fernholz, Z. physiol. Chem., 232 (1935), 97; R.Tschesche, Ber., 68 (1935), 2247: 
(6) K. Westphal, Chem. Zentr., 97 (1926), I, 1814. 

(7) Kiliani, Arch. Pharm., 230 (1892), 250. 

(8) R.Tschesche, Ber., 69 (1936), 2368. 
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scheinlich die Konstitutionsformel IV haben miisste. Das Cerberigenin 
ist ein Isomeres von Uzarigenin,® Thevetigenin“ und Digitoxigenin.“” 

Da Anhydro-cerberigenin Digitonid ergibt, ist es unverkennbar, dass 
auch Cerberigenin Digitonid liefert; und Cerberigenin, Uzarigenin und 
Thevetigenin enthalten folglich nach der Ansicht von R. Tschesche®” 
eine Hydroxylgruppe an C; in cis-Stellung zur Methylgruppe an Co und 
Digitoxigenin bildet eine trans-Stellung. 

Da Cerberin bei physiologischen Versuchen sich als ein ziemlich 
starkes Herzgift bewahrt, wire es méglich, diese Herzwirksamkeit des 
Cerberins der cis-Verkniipfung von Ring A und B zuzuschreiben. Wenn 
das der Fall ist, kann sich die Konstitution des Cerberigenins mit der des 
Thevetigenins identifizieren; naémlich: Cerberigenin: OH an C; cis, Ring 
A und B cis; Thevetigenin: OH an C; cis, Ring A und B cis. Die Schmelz- 
punkte der Derivate von Genin, die ich aus Cerberin gewann und die 
Schmelzpunkte der Derivate von Genin, welche R. Tschesche aus Thevetin 
gewann, zeigen betrichtliche Abweichungen; es ware also verfriiht, darauf 
zu folgern, dass sich Thevetigenin mit Cerberigenin identifiziert, was ich 
in Zukunft durch die Mischprobe der Derivate, welche R. Tschesche und 
ich hergestellt haben, festzustellen beabsichtige. Nachstehende Auf- 
stellung gibt eine klare Ubersicht hinsichtlich der Stoffe, deren Schmelz- 
punkte (A) annahernd gleich sind und (B) (C) betrachtliche Abweichun- 
gen zeigen: (A) Anhydro-cerberigenin C.;H3;20;, Nadeln aus Athanol, 
Schmp. 220-222°, [a]#’ =+46.8°. Anhydro-thevetigenin C.3;H;.0,, 
Polyeder aus Methanol, Schmp. 218-220°, [a]—’=+40°. (B) Anhydro- 
cerberigenon C2;H300;, Nadeln aus Alkohol, Schmp. 195-196°, [a]%’= 
+74.4°, Anhydro-thevetigenon (Anhydro-digitoxigenon™”)) C.;H300;, 
Schmp. 265-270°. (C) Tetrahydro-anhydro-cerberigenon C.3;H;,0;, 
Nadeln aus Alkohol, Schmp. 181-182°. Tetrahydro-anhydro-thevetigenon 
(Tetrahydro-anhydro-digitoxigenon™”) C.,;H;,0;, glanzende Blatter aus 
Essigester, Schmp. 245-248°. 


Uber Zucker. Der Zucker, der durch Hydrolyse des Cerberins mit 
5-proz. Schwefelsdure gewonnen wird, reduziert die Fehlingsche Lésung. 
Seine Rosenthalersche Reaktion stellt sich als eine positive heraus und 
zeigt dauernde Rotfarbung. Die Fliissigkeit, die man gewinnt, nachdem 
man die sirupartige Substanz, welche Zucker enthalt, unter Hinzufiigung 
von 12-proz. Salzséure erhitzt und dann abdestilliert hat, zeigt bei der 


(9) Ber., 68 (1935), 2252. 
(10) Ber., 61 (1928), 2436. 
(11) Ber., 69 (1986), 2443. 
(12) Ber., 53 (1920), 247. 
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Reaktion auf Anilinacetatpapier Gelbfarbung und aus diesen oben angege- 
benen Proben erkennt man das Vorhandensein von Methylpentose. Indem 
man diese Zuckerlésung mit Phenylhydrazin behandelt, gewinnt man 
Osazon, das in kaltem Aceton léslich ist und wenn man dasselbe aus 50- 
proz. Alkohol umkristallisiert, werden gelbe, diinne, viereckige Blattchen 
vom Schmelzpunkt 121-122° gewonnen. Werden diese Blattchen bei 100° 
und 30mm. getrocknet, dann haben dieselben den Schmelzpunkt 141- 
142°. [a]? = +62.5° (0.1349 g. Osazon in 13 c.c. Chloroform, | = 1.894 dm., 
av’ = +1.23°) (Gefunden: C, 63.26, 63.15; H, 6.74, 6.91; N, 15.72, 15.70; 
Molekulargewicht nach Rastscher Methode, 341, 343. Berechnet fiir 
C,sH22.0;N,: C, 63.13; H, 6.41; N, 16.34%; Molekulargewicht, 342). 
Folglich ware dieser Zucker C,H,.0; , nach dem Schmelzpunkt von Osazon 
und dessen Kristallform zu urteilen, eine neue Art Methylpentose, welche 
ein Isomeres von Rhamnose bildet. Ich habe diesem Zucker den Namen 
Cerberose gegeben. 


Die Konstitution des Cerberins. Aus den Tatsachen, dass Cerberin 
Dihydro-cerberin ergibt und dass seine Legalsche und Baljetsche Reaktion 
sich als eine positive herausstellt, erkennt man, dass Cerberin /,y-unge- 
sattigtes Oxylacton ist; und dass Cerberin Iso-cerberin liefert, gibt das 
Vorhandensein einer tertidren Hydroxylgruppe an C,, bei Sterinskelett 
zu erkennen.“) Aus den Tatsachen, dass Anhydro-cerberigenin Digitonid, 
Keton und Acetat liefert, erkennt man das Vorhandensein einer sekun- 
daren Hydroxylgruppe an C;. Daraus kann man schliessen, dass das 
Zuckermolekiil in Cerberin an C; steht. Nach der Tatsache, dass sich 
Cerberose C,H:,0; durch Hydrolyse von Cerberin abspaltet, zu urteilen, 
hat Cerberin die Konstitutionsformel I. 

Unter Zusammenfassung der bisher erwahnten Experimentsergeb- 
nisse fiihrte mich die hydrolytische Spaltung des Cerberins zu den nach- 
stehenden Gleichungen: 


CopHuOs + HO = CrsHO, + CoH205 
Cerberin Cerberigenin Cerberose 


CosHO. = CsHw0; + H,0 


Cerberigenin Anhydro-cerberigenin 


Siebente Staatshochschule, Kagoshima. 











